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ABSTRACT
During the early 1960s the Government of Burma was actively 
developing a number of major irrigation works which included our present 
study. The project region lies in the arid zone of Central Burma which 
is widely known as the Dry Zone Area because of its scarcity of water 
and high temperate climate. Therefore, a small local community living 
there found it extremely difficult to raise agricultural crops.
Furthermore, the only means of livelihood available was to produce 
jaggery. This provided low incomes and was also causing deforestation 
in the area. These factors have led to the development of this dam 
which later came to be known as 1Kyet-mauk-taung’.
The project was jointly built by local engineers along with the Soviet 
experts. The construction of the project started in the year 1961-62 
and was finally completed in 1967-68. The project is located just above 
the conjunction of the two rivers namely 'Kyaukpon* and ’Taungzin' 
which have 52.24 square miles and 86.74 square miles of catchment area 
respectively. The dam was constructed at a suitable location, both 
feasible and sound from geological and engineering points of view.
It is a rolled earth-filled dam with a maximum height of 112.5 feet 
at the deepest section and a total length of 8,500 feet.
The main construction work was the erection of an earthen dam.
Other major works include the construction of a reservoir outlet, an 
escape, and a network of distribution canals which is divided into the 
Left and the Righ main canals. The storage reservoir has a water spread 
area of about 1,800 acres and a maximum depth of 97 feet. It is also 
designed to have a full tank capacity of 73,100 acre feet allowing 3,100 
acre feet of dead storage and enough to supply water to an irrigated 
tract of 50,000 acres.
The total construction period took almost seven years though it was 
planned to be fully constructed within a period of five years. The 
entire cost of the project was initially estimated to be 41.97 million 
Kyats but with additional costs on construction materials and equipment, 
the actual costs amounted to 57.08 million Kyats. The Governments of 
Burma and the Soviet Union agreed upon a credit of 3.5 million roubles 
bearing an interest of 2.5 per cent per annum to make necessary payments 
for designs and surveying works and also for the purchase of equipment 
and materials needed for the project. This constituted 35 per cent of
Vthe total cost.
In accordance with the protocol signed between the two governments, 
the Burmese Government paid equal annual instalments of principal 
repayments amounting to 291,056 roubles each year from 1968 to 1979.
In terms of local currency the total repayments accounted for 24.6 million 
Kyats and total interest charges for 3.6 million Kyats.
Under the current agricultural programme, the total cultivable 
area including double cropping areas is targeted at 48,283 acres. 
Throughout the agricultural years from 1968-69 to 1970-80, only in two 
years, i.e. the years 1969-70 and 1970-71, was the planned target 
achieved. On the other hand, annual water inflow into the storage 
reservoir was also dissatisfactory against the designed run-off, which 
was mainly due to low rainfalls in the upper catchments of the basin. 
Cotton growing is the most important in the command area. Other major 
crops include rice, groundnut and sesamum which are grown twice a year 
in the irrigated tract. Cotton and sesamum both accounted for over 75 
per cent of the irrigated land and nearly 70 per cent of the total value 
of crop production.
In the social benefit-cost analysis of the project there are 
three market values to be adjusted, namely, (a) the foreign exchange 
component in the construction cost; (b) unskilled labour; and (c) the 
value of crop production.
The foreign exchange component is assumed to have a worth more 
than its official exchange rate. This is mainly because of the 
subsidised prices on the imported machinery and equipment during the 
construction period. Therefore, for the adjustment of market prices, 
a foreign exchange premium of 25 per cent is attached to these values.
The valuation of total crop production attributable to irrigation 
water is done with market prices or administered prices fixed by the 
government. However, it is assumed that these administered prices 
fail to reflect the true consumers' willingness to pay. This is mainly 
because of the existence of the illegal black market for agricultural 
products. Therefore, there is a need for an adjustment of these prices. 
Here, a shadow price multiplier of 1.6 higher than that of market prices 
is used in the social valuation of total crop production.
There are three social rates of discount used in our social benefit 
cost analysis which are 3 per cent, 6 per cent, and 8 per cent. The 
reason is that these are, in fact the official bank rates during the
vi
early 1960s and 1970s which are believed to reflect the social preferences 
of the country.
There was little or no existence of agriculture prior to the project. 
Therefore, total agricultural production attributable to irrigation water 
is actually the total agricultural benefits to the region. On the other 
hand, it is also important to note that the effects of water to this 
water-scarce area have resulted in a substantial reduction of water-borne 
diseases. In the benefit-cost analysis, the project, though it was not 
financially sound, was found to be economically sound from the national 
standpoint. The project, in fact, was designed to open up a poor region.
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CHAPTER 1
INTRODUCTION
Many people regard irrigation as absolutely essential for agricultural 
development of regions with low or uncertain precipitation rates. With 
this in view, many underdeveloped countries have embarked on a series 
of large irrigation projects. In real practice, these irrigation projects 
have not been as beneficial as was anticipated. It is imperative that 
we should reassess the benefits of irrigation to agricultural development. 
This is borne out by experience in many countries, that most projects 
yield less than expected but not so much due to lack of economic 
evaluation, but to inadequacies in the basic feasibility studies, 
especially with regard to the agricultural aspects of irrigation.
It would appear that feasibility studies of these large irrigation 
projects frequently tend to overlook the fact that an irrigation project 
involves more than the construction of a dam and a distribution system. 
Essential for its success is the use to be made of the water thus 
provided, and the increase in agricultural output in which it results.
The present study evaluates the experiences of the Kyet-mauk-taung 
irrigation project in Burma, built in the middle of the country where 
water is relatively scarce. The study is to explore not only the 
irrigational aspects of the project, but additionally the evaluation 
of the whole project from the economic point of view. On the other hand, 
it also discussed the problems of water management and the provision of 
water for drinking purposes.
Water management, as it is already well known, is one of the most 
important problems in agricultural development. The total global water 
supply is more than sufficient to meet needs in the foreseeable future.
The basic problem is the availability of water. As the United Nations 
Water Conference held in Argentina in 1977 emphasized in its report, 
water tends to be available in the wrong place at the wrong time or 
with the wrong quality. The solution is to move it locally to where 
people require it either through minor irrigation or by the use of large 
irrigation systems.
The study discusses the problem of transporting or storing of 
water in a region which is in urgent need. The project under 
consideration is one of the many governmental attempts in bringing some 
of the water scarce regions into water-fed agricultural ones. During the
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e a r l y  1960s th e  Government o f  Burma was a c t i v e l y  deve lop ing  a number o f  
major i r r i g a t i o n  works which inc lu d ed  our  p r e s e n t  c a s e - s t u d y .  The 
p r o j e c t  r eg io n  l i e s  in  t h e  a r i d  zone o f  C en t ra l  Burma, w ide ly  known as 
th e  Dry Zone Area.  This i s  ma in ly  because  o f  i t s  s c a r c i t y  o f  w ate r  
and h igh  tem pera te  c l i m a t e s .  T h e re fo re ,  a small  l o c a l  community l i v i n g  
t h e r e  found i t  ex t re m e ly  d i f f i c u l t  t o  r a i s e  a g r i c u l t u r a l  c ro p s .  
Fur therm ore ,  the  only  means o f  l i v e l i h o o d  f o r  the  peop le  i n  the  a r e a  was 
to  produce  j a g g e ry  from toddy-palm t r e e s .  Th is  p rov ided  low incomes and 
was c aus ing  d e f o r e s t a t i o n  in  t h e  a r e a .  These f a c t o r s  l e d  t o  the  
development o f  t h i s  dam which l a t e r  came t o  be known as ' K ye t-mauk- taung ' .
The main o b j e c t i v e s  o f  the  s tudy  a r e  to  i n v e s t i g a t e  t h r e e  b a s i c  
i s s u e s  which a r e  (1) to  examine th e  economic e f f e c t s  o f  i r r i g a t i o n ,  bo th  
s o c i a l  and p r i v a t e ,  i n  t h e  a g r i c u l t u r a l  development o f  t h e  r e g i o n ;
(2) to  examine th e  s t a b i l i z i n g  e f f e c t s  o f  i r r i g a t i o n  in  a w a t e r - s c a r c e  
a r i d  zone; and (3) t o  make a s o c i a l  b e n e f i t - c o s t  a n a l y s i s  o f  the  
p ro j  e c t .
The s tudy  i s  d iv id e d  i n t o  two main p a r t s .  The f i r s t  p a r t  d e a l s  
w i th  a t h e o r e t i c a l  a n a l y s i s  o f  the economics o f  i r r i g a t i o n  and i t s  
impor tance  f o r  a g r i c u l t u r a l  development.  The second p a r t  d e a l s  wi th 
an economic assessm en t  o f  th e  p r o j e c t .  In a sequence o f  c h a p t e r s ,
Chapter  2 e x p l a i n s  th e  a g r i c u l t u r a l  economy o f  Burma i n  which i r r i g a t i o n  
p la y s  a v i t a l  r o l e .  The t h e o r e t i c a l  a s p e c t s  o f  i r r i g a t i o n  economics 
a r e  d i s c u s s e d  i n  depth  i n  th e  fo l low ing  c h a p t e r .  An i n t e n s i v e  s tudy  
o f  t h e  p r o j e c t  i t s e l f  beg in s  i n  Chapter  4, where i t  covers  a wide range  
o f  g e n e r a l  t e c h n o - a s p e c t s  from i t s  h i s t o r i c a l  background up to  i t s  
p r e s e n t  s t a t u s .  P r o j e c t  c o s t s  which in vo lved  t h e  S o v ie t  lo a n  and 
o t h e r  a s s o c i a t e d  c o s t s  a re  d i s c u s s e d  in  Chapter  5. The problems 
connec ted  with i r r i g a t i o n a l  a s p e c t s  o f  t h e  p r o j e c t  and the  assessment 
o f  d i r e c t  b e n e f i t s  invo lved  a r e  b rough t  out  in  Chapter  6.  An a t tem p t  
t o  e v a l u a t e  the  p r o j e c t  from an economic and s o c i a l  p o i n t  of  view i s  
done in  Chapter  7, fo l lowed by Chapter  8, which h i g h l i g h t s  t h e  economic 
consequences  o f  t h e  p r o j e c t .
* A map o f  Burma i n d i c a t i n g  t h e  l o c a t i o n  o f  th e  p r o j e c t  a r e a  i s  shown 
i n  Appendix .
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CHAPTER 2
THE ROLE OF IRRIGATION IN BURMESE AGRICULTURE
Burma i s  an a g r i c u l t u r a l  c o u n t r y .  I r r i g a t i o n  had p l a y e d  a 
s i g n i f i c a n t  r o l e  i n  a g r i c u l t u r a l  d eve lopm en t  e v e r  s i n c e  t h e  da y s  when 
Burmese k i n g s  r e i g n e d  t h e  c o u n t r y .  A lthough  t h e  c o u n t r y  i s  b l e s s e d  
w i th  c o p i o u s  w a t e r  s u p p l i e s ,  i r r i g a t i o n  i s  s t i l l  r e g a r d e d  a s  an  e s s e n t i a l  
a g r i c u l t u r a l  i n p u t  due t o  d i s t i n c t  and  s h o r t  d u r a t i o n  r a i n y  s e a s o n s .  
T h e r e f o r e ,  i r r i g a t i o n  i s  a v i t a l  p a r t  o f  an o v e r a l l  a g r i c u l t u r a l  
deve lopm ent  s t r a t e g y .
R a i n f a l l  i s  abu n d a n t  i n  most  o f  Burma, w i t h  t h e  e x c e p t i o n  o f  t h e  
d r y  a r e a  so u th  and west  o f  Mandalay ,  which i s  t h e  o l d  c a p i t a l  c i t y  i n  
t h e  m idd le  o f  t h e  c o u n t r y .  T h i s  r e p r e s e n t s  a b o u t  40 p e r  c e n t  o f  t h e  
t o t a l  a r e a .  N e a r l y  a l l  t h e  r a i n f a l l ,  however ,  f a l l s  d u r i n g  t h e  months 
o f  May th ro u g h  t o  O c t o b e r .  The Dry Zone i n  C e n t r a l  Burma i s  d e f i c i e n t  
i n  m o i s t u r e  even d u r i n g  t h e  r a i n y  s e a s o n .  Even a r e a s  o f  p l e n t i f u l  
annua l  r a i n f a l l  o f t e n  s u f f e r  c r o p  l o s s e s  b e c a u s e  t h e  m o i s t u r e  does n o t  
o c c u r  a t  t h e  p r o p e r  t im e .  In  C e n t r a l  Burma, a r t i f i c i a l  i r r i g a t i o n  i s  
needed ,  and i n  Lower Burma w a t e r  must  be d r a i n e d  from t h e  l and  a s  w e l l  
a s  c o n t a i n e d  i n  t h e  r i v e T  c h a n n e l s  by means o f  embankments i f  s u c c e s s f u l  
c ro p  hu s b a n d ry  i s  t o  be  u n d e r t a k e n .
I r r i g a t i o n ,  f l o o d  c o n t r o l  and  d r a i n a g e  have  been  p r a c t i s e d  i n  
Burma f o r  c e n t u r i e s .  The e a r l y ,  s im p l e  works were o r i g i n a l l y  managed 
by men e l e c t e d  from among t h o s e  who b e n e f i t e d  from t h e  i n s t a l l a t i o n s .  
C e n t r a l i z e d  c o n t r o l s  came i n t o  b e in g  b u t  t h e i r  a c t i v i t i e s  were 
r e s t r i c t e d  t o  t h o s e  works which c o u ld  p r o d u c e  a p r o f i t  and t h e  o t h e r  
s m a l l  i r r i g a t i o n  p r o j e c t s  were l e f t  to  t h e  management  o f  t h e  l o c a l  
c o m m i t t e e s .
A sm a l l  p e r c e n t a g e  (12 p e r  c e n t )  o f  a l l  c u l t i v a t e d  l a n d  i n  Burma 
i s  now u n d e r  i r r i g a t i o n .  Most o f  t h e  i r r i g a t i o n  p r o j e c t s  a r e  government  
owned. A c t u a l l y ,  t h e  p r e s e n t  p r o j e c t s  and  dams t h a t  have been  c r e a t e d  
by t h e  government  were i n  most  c a s e s  p l a n s  and works t h a t  were l a i d  
down and b u i l t  by a n c i e n t  Burmese k i n g s .  Dur ing  t h e  t im e s  o f  t h e  
Burmese k i n g s ,  n a t i v e - t y p e  i r r i g a t i o n  s y s te m s  were b u i l t  j u s t  t o  b o o s t  
a g r i c u l t u r a l  p r o d u c t i o n ,  n o t  f o r  t h e  s a k e  o f  e x p o r t s  a s  i t  i s  t o d a y ,  
b u t  f o r  do m es t i c  consumpt ion  and s e l f - s u f f i c i e n c y .  The o l d  i r r i g a t i o n  
sy s te m s  were o r i g i n a l l y  e a r t h e n  dams r e p r e s e n t i n g  t e c h n o l o g y  o f  t h e  t im e ,
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e s p e c i a l l y  w i th  o ld  Burmese ty p e  b r i c k s ,  e a r t h  and wood, and are v e ry  
d i f f e r e n t  from mechanized modern p r o j e c t s  o f  to d a y .
The c l i m a t e  i n  Burma i s  t r o p i c a l  and i s  under  the  i n f l u e n c e  o f  
the  South-West Monsoon, which blows o f f  t h e  In d ian  Ocean, and the  d ry  
N o r th - E a s t  Monsoon which comes from the  Chinese main land .  There a re  
t h r e e  d i s t i n c t  s ea sons :  a r a i n y  season from May t o  mid-October ;  a
cool  s ea s o n  n e a r l y  r a i n l e s s  from mid-October  to mid -February ;  and 
a ho t  s e a s o n ,  a l so  d ry ,  from m id-February  t o  mid-May. This  g iv e s  two 
d i s t i n c t  crop seaso n s .
In t h e  I rrawaddy D e l t a ,  the  average  annual  r a i n f a l l  r anges  from 
about  140 in ches  n ea r  th e  coas t  t o  abou t  80 inches  a t  the  apex o f  the  
D e l t a ,  and averages  about  100 inches  over  t h e  whole D e l t a .  35 pe r  ce n t  
of  t h e  annual  r a i n f a l l  occu r s  d u r ing  t h e  wet season and f lo o d in g  i s  
o f t e n  a problem i n  t h a t  r e g io n .  Even in  t h e  wet season ,  however,  
r a i n f a l l  i s  e r r a t i c  and supplem enta ry  i r r i g a t i o n  d id  g r e a t l y  improve 
crop y i e l d s .  I r r i g a t i o n  i s  v e ry  much e s s e n t i a l  fo r  th e  dry season  crop 
c u l t i v a t i o n .  R a i n f a l l  i n  the  Dry Zone Area of  Upper Burma i s  much l e s s  
tha n  in  o t h e r  a r e a s ,  ave rag ing  about  30 t o  35 inc hes  p e r  y e a r ,  and i s  
a l s o  c o n c e n t r a t e d  from May to O c tobe r .*  The need f o r  i r r i g a t i o n  i s  
much more pronounced t h e r e  than  i n  Lower Burma.
In p r e - c o l o n i a l  days ,  i t  has been known t h a t  Burmese k ings  o f t e n  
r e s o r t e d  to Burmese type  i r r i g a t i o n  systems t o  boos t  a g r i c u l t u r a l  
p r o d u c t i o n .  Some o f  t h e  o ld  i r r i g a t i o n  systems d a te  back to  as e a r l y  
as t h e  9th  Century .  Many o f  t h e  i r r i g a t i o n  works used today  were b u i l t  
and improved by th e  k ings as e a r l y  as t h e  10th Century .
In t h o s e  days ,  Lower Burma was s p a r s e l y  po p u la ted  and i t s  c u l t i v a b l e  
la n d  l a r g e l y  u n e x p l o i t e d .  However, w i th  t h e  advent  o f  c o l o n ia l i s m ,
Lower Burma came to  be p o p u la te d  and a g r i c u l t u r a l  p ro d u c t i o n ,  p a r t i c u l a r l y  
paddy,  began to  i n c r e a s e  by l e a p s  and bounds .  S ince  t h a t  a g r i c u l t u r a l  
deve lopment was l i n k e d  w i th  t h e  development o f  e x p o r t s ,  i t  was p o p u l a r l y  
a t t r i b u t e d  to  the  opening o f  t h e  Suez Canal in  1869.
This  a g r i c u l t u r a l  development i n  Lower Burma, th rough th e  expans ion  
of  c u l t i v a t e d  a r e a ,  i s  o f  an e x t e n s i v e  type  r e q u i r i n g  l i t t l e  o r  no 
i r r i g a t i o n .  This  can be seen from Tab les  2.1 and 2.2 below.
* A r a i n f a l l  map i s  shown in  Appendix.
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TABLE 2.1
Output ,  Domestic U t i l i z a t i o n  and Expor ts  o f  Rice 
(000 t o n s ,  paddy)
Year Output Domestic
U t i l i z a t i o n
Expor ts Domestic 
U t i l i z a t i o n  
(% o f  o u tp u t )
Expor ts  
(% o f  ou tpu t )
1895 3619 1871 1748 51.7 48.3
1905 4345 1446 2899 33.3 66.7
1925 6720 2368 4352 35.2 64.8
1940 7910 4164 3746 52.6 47.4
Source : Department of  Economics,  Rangoon U n i v e r s i t y ,  Rangoon, 1956.
C u l t i v a t e d
TABLE 2.2
Land Under Paddy in  Colon ia l  Per iod
( '000  a c r e s )
Year Lower Burma Upper Burma Tota l
1845 354 354
1890 4398 1357 5755
1936 9855 2019 11874
Source :  Department o f  Economics,  Rangoon U n i v e r s i t y ,  Rangoon, 1956.
I t  w i l l  be seen  from Table 2.1 t h a t  t h e  p r o d u c t i o n  o f  paddy,  which 
i s  t h e  main s t a p l e  food and th e  predominan t  crop i n  the  coun t ry ,  
i n c r e a s e d  tremendous ly  dur ing  t h e  p e r i o d  c o n s id e re d .  I t  i n c r e a s e d  t o  
such an e x t e n t  t h a t  i t  was n o t  on ly  a b l e  to  p ro v id e  an i n c r e a s i n g  food 
supp ly  t o  t h e  i n c r e a s i n g  ind igenous  p o p u la t i o n  (with t h e  n a t u r a l  r a t e  
o f  growth o f  1 p e r  ce n t  to  1 .5  p e r  ce n t  p e r  annum), bu t  a l s o  c o n t r i b u t e  
t o  a growing volume o f  e x p o r t s .  Table  2 .2  c l e a r l y  shows t h a t  i n c r e a s e  
in  paddy p ro d u c t i o n  was l a r g e l y  due t o  th e  expans ion  o f  c u l t i v a t e d  a r e a .
During the  whole c o l o n i a l  p e r i o d ,  what i r r i g a t i o n  works t h e r e  were 
were main ly  in th e  form o f  r e c o n s t r u c t i o n  of  o ld  w e i r s ,  t a n k s  and dams, 
and t h e s e  were main ly  co n f in e d  to  Upper Burma. In 1940-41, th e  t o t a l
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i r r i g a t e d  a r e a  of  1 ,562,000 a c r e s  was mere ly  9 p e r  cen t  o f  th e  n e t  sown 
a r e a .  What happened was a number o f  i r r i g a t i o n  p r o j e c t s  were u nder ta ken  
and comple ted ,  and the  pe rc e n ta g e  o f  t h e  i r r i g a t e d  a re a  i n c r e a s e d  to  
o v e r  11 p e r  c en t  o f  the sown a r e a  by t h e  end of  1972-73.  See Table  2 .3 .
TABLE 2.3
P rogress  i n  I r r i g a t e d  Area 
(*000 a c r e s )
Year I r r i g a t e d  Area Net Sown Area I r r i g a t e d  Area as 
P e rcen tag e  o f  Net 
Sown Area
1940-41 1562 17560 8.89
1947-48 1327 14008 9 .47
1961-62 1324 17698 7.48
1964-65 1941 19623 9.89
1968-69 2017 19261 10.47
1969-70 2020 19219 10.51
1970-71 2073 19512 10.62
1971-72 2199 19674 11.18
1972-73 2198 19482 11.28
Source :  Report  to  the  P y i th u  Hlu t taw ,  1979-80
I t  w i l l  be seen from the  t a b l e  t h a t  t h e  a r e a  under  i r r i g a t i o n  
i n c r e a s e d  b o th  a b s o l u t e l y  and r e l a t i v e l y  ove r  t h e  p e r io d  c o n s id e re d ,  
a l th o u g h  t h e  i n c r e a s e  (pe rcen tage  wise)  may no t  have been  awe i n s p i r i n g .
I f  we look  a t  the  p r o g r e s s  i n  i r r i g a t e d  a r e a  sown more th a n  once ,  
however, t h e  i n c r e a s e  in i r r i g a t e d  a r e a  i s  q u i t e  s u b s t a n t i a l .  See 
Table  2.4
I t  may be seen  from th e  t a b l e  t h a t  m u l t i p l e  cropped a rea  under  
i r r i g a t i o n  grew from 6.24 p e r  c e n t  in  1961-62 to  13.83 pe r  cen t  o f  t o t a l  
i r r i g a t e d  a r e a  in  1972-73.  But i t  must be adm i t t ed  t h a t  the  major  
b e n e f i t s  o f  i r r i g a t i o n  have s t i l l  been l a r g e l y  supplem enta l  i r r i g a t i o n  
d u r in g  t h e  monsoon to i n c r e a s e  y i e l d s  o f  r a i n - f e d  c ro p s .  Th is  i s  
f u r t h e r  s uppo r ted  by Table 2 .5 ,  which shows th e  i r r i g a t e d  a r e a  by c rops .
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TABLE 2.4
P ro g re ss  in  I r r i g a t e d  Area Sown More Than Once
(Acres)
Year I r r i g a t e d  Area I r r i g a t e d  Area 
Sown More Than 
Once
P ercen tage
1961-62 1324263 82634 6.24
1964-65 1941236 160055 8.25
1968-69 2016714 251029 12.45
1969-70 2020155 270359 13.38
1970-71 2073169 264502 12.76
1971-72 2199079 299853 13.64
1972-73 2197815 303889 13.83
Source: Report to  the  People ,  1976-77
TABLE 2.5
I r r i g a t e d  Area by Crops (Acres) 
( In c lu d in g  Areas o f  Crops Sown More Than Once)
Crops 1961-62 % o f  Gross 
Cropped Area
1972-73 % o f  Gross 
Cropped Area
1. Paddy 1168128 83 .0 1809715 » 72.0
2. Wheat 6149 0.4 1489 0.06
3. Maize 4097 0.2 2849 0.11
4. O ther  C e rea ls 248 0.02 5355 0.21
5. P u ls e s 60178 4 .2 83850 3.35
6. Sugar Cane 5989 6 .4 15479 0.61
7. O ther  E d ib le  
Crops 123776 8 .7 228628 9 .13
8. C o tton 8615 0.6 175700 7 .02
9. J u t e - - 183729 7.34
10. O ther Non-Edible 
Crops 29717 2.1 13110 0.52
T o ta l 1324263 2197815
Source : Report to  th e  Peop le ,  1976-77.
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An analysis of Table 2.5 shows that paddy occupies the largest 
area and constitutes 1.8 million acres or nearly 72 per cent of the 
total irrigated crop area. Other industrial crops, namely jute, cotton, 
and sugar cane were also given priority in irrigation, but relatively 
less significant in terms of total irrigated area.
Finally, the breakdown of the total irrigated area by different 
types of irrigation shown in Table 2.6 below, shows the predominance 
of surface gravity irrigation.
TABLE 2.6
Irrigated Area by Various Means of Irrigation
(Acres)
Particulars 1961-62 % of Total
Irrigated
Area
1972-73 % of Total
Irrigated
Area
1. Canals 973889 71.28 1464131 66.63
2. Tanks 163317 12.34 173526 7.89
3. Wells 23966 1.80 33851 1.54
4. Pumps - 248361 11.30
5. Windmills - 1106 0.65
6. Others 193091 14.58 276840 12.59
Total 1324263 2197815
Source: Report to the People, 1976-77.
The progress of irrigation has helped to expand the area under 
cultivation. The area under cultivation was expanded from about 
19 million acres in 1961-62 to well over 22 million acres in 1972-73.
It should be noted that this increase in cultivated area was made 
possible by the progress in supplemental gravity flow irrigation from 
which we may infer that any increase in cultivable area in the future 
would either require irrigation or drainage, or both.
As can be seen from Table 2.6, irrigation by canals plays the 
dominant role. It was only in 1972-73, that irrigation by pumps and 
windmills came into use. Although various means of irrigation increased, 
sown acreage under paddy, the dominant crop, failed to increase 
significantly. Over a span of eleven years, its average annual compound
9 .
r a t e  o f  growth could  n o t  have been  more th a n  0 ,5  p e r  c e n t .  T h i s  was 
p r i m a r i l y  due t o  t h e  low procurement p r i c e  o f  paddy,*
Apart  from th e  low p r i c e  o f  paddy,  a t t e m p t s  to  p ro v id e  farm in p u t s  
such as f e r t i l i z e r s ,  improved seeds  and p e s t i c i d e s  have a l s o  been o n ly  
p a r t i a l l y  s u c c e s s f u l .  As a consequence ,  y i e l d  p e r  ac re  o f  paddy hovered 
around 34 b a s k e t s  p e r  a c r e ,  depending upon t h e  s t a t e  o f  th e  weather,  and 
a g r i c u l t u r a l  ou tp u t  had grown a t  an av e rage  annual  r a t e  o f  1 pe r  cen t  to  
2 p e r  c e n t  o r  l e s s ;  th e re b y  lagg ing  beh ind  p o p u l a t i o n  which had grown 
a t  a r a t e  o f  about 2 .2  p e r  c e n t  p e r  annum over  the  l a s t  decade.
N e v e r t h e l e s s ,  t h e r e  was a p o s s i b i l i t y  f o r  an a g r i c u l t u r a l  b r e a k ­
th ro u g h .  With an i n c r e a s i n g  r e a l i z a t i o n  t h a t  a g r i c u l t u r e  must be g iv e n  
p r i o r i t y ,  came a l s o  t h e  r e a l i z a t i o n  t h a t  t h i s  must be accompli shed  not  
o n ly  w i th  an i n c r e a s e  in i r r i g a t i o n  and d r a i n a g e  coupled wi th  i n c r e a s e d  
s u p p l i e s  o f  farm in p u t s  such as f e r t i l i z e r s ,  improved s eed s ,  p e s t i c i d e s  
and mechanical  p l u s  animal power, bu t  a l s o  w i th  p ro p e r  p r i c e  i n c e n t i v e s .
S ince  1972-73,  a r e a  under  i r r i g a t i o n  as a p e r c e n ta g e  o f  t o t a l  
c u l t i v a b l e  a r e a  grew on ly  s l i g h t l y  from over  11 p e r  cen t  t o  12.5 p e r  
c e n t .  See Table  2 . 7 .  Although the  i n c r e a s e  i n  t h e  ne t  sown a r e a  was 
n o t  s i g n i f i c a n t ,  t h e r e  was an i n c r e a s e  i n  t h e  p ro d u c t i o n  o f  paddy pe r  
a c r e  from 34 b a s k e t s  p e r  ac re  t o  40 b a s k e t s  p e r  ac re  i n  1978-79.  And 
because  o f  t h i s  i n c r e a s e  in  p r o d u c t i v i t y  p e r  a c r e ,  o v e r a l l  p ro d u c t i o n  
o f  paddy began t o  to p  th e  mark o f  9 m i l l i o n  tons  f o r  t h e  f i r s t  t ime in  
1975-76.
As a l r e a d y  mentioned ,  among t h e  c rops  under  i r r i g a t i o n ,  paddy i s  
t h e  most i m p o r t a n t ,  f o r  bo th  e x p o r t s  and dom es t ic  consumption.  L i t t l e  
in c r e a s e  and s l i g h t  changes i n  t h e  i r r i g a t e d  a r e a s  o f  p u l s e s ,  ground­
nut  and maize were seen  d u r ing  t h e  p e r i o d  b e f o r e  1960-61.  I r r i g a t e d  
a r e a  under  suga r  cane was a l s o  v e ry  s m a l l .  During t h e  y e a r s  from 
1973-74 t o  1978-79,  as  can be seen from Table  2 .7 ,  t h e r e  was l i t t l e  
or  no s i g n i f i c a n t  change i n  t o t a l  i r r i g a t e d  a r e a  o f  t h e  c o u n t ry .
Small i n c r e a s e s  in  t o t a l  i r r i g a t e d  a r e a  were due t o  i n c r e a s e d  sown 
a c r e a g e  o f  p u l s e s  and maize,  which were grown m o s t ly  f o r  e x p o r t s .
Before 1960-61,  t h e  government b u i l t  q u i t e  a number o f  i r r i g a t i o n  
p r o j e c t s  in  Upper and C e n t r a l  Burma which added much to  some old
* The p r i c e  o f  paddy was r a i s e d  from Ks.425 p e r  100 b a s k e t s  i n  the  
1960s to  Ks.600 in  1973-74 and ag a in  t o  Ks.900 in 1974-75.
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irrigation systems and their irrigated capacity.
TABLE 2.7
Progress in Irrigated Area 
(*000 Acres)
Year Irrigated Area Net Sown Area Percentage Average Per Acre 
Yield of Paddy 
(Baskets)
1973-74 2400 19927 12.04 34.19
1974-75 2414 20023 12.05 34.09
1975-76 2432 20088 12.11 35.51
1976-77 2418 19838 11.68 36.80
1977-78 2422 20041 12.09 37.73
1978-79 2550 20370 12.52 37.73
Source: Report to the Phyithu Hluttaw, 1979-80
Irrigation by tanks were practised earlier than irrigation by weirs, 
and were supposed to be the earliest irrigation systems in Burma. Also, 
it has lesser importance than irrigation by diversion weirs, for the 
latter have greater irrigated capacity. Nowadays, Burma enjoys 
different modern types of irrigation such as pump irrigation, embankments, 
flood controls and sprinkler irrigation.
Government policy has tended to place irrigation in a more 
important role than before, as one of the most basic and important 
factors in agricultural development. Given that irrigation will be a 
vital part of an overall agricultural development strategy, it is most 
imperative that the realistic reassessment of irrigation projects be 
made. In this respect, it is essential to accelerate research activities 
to improve the efficiency of irrigation management and the economy of 
water use in project areas. Benefits from costly major irrigation 
projects can only be maximized when both the irrigation management 
and the use of water can meet particular agronomic requirements under 
different soil types, cropping patterns, cropping seasons and prevailing 
weather conditions.
The Kyet-mauk-taung region under consideration has relatively low 
annual rainfall in contrast with other areas of the country. For the
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sake o f  a g r i c u l t u r e ,  t h e r e  were indeed u rg e n t  needs f o r  p r o v i s i o n  o f  
i r r i g a t i o n  systems in  t h e  r e g io n  and hence f e a s i b i l i t y  s t u d i e s  were 
made b e fo re h a n d .  The p o s s i b l e  means o f  i r r i g a t i o n  was damming th e  two 
r i v e r s  t h a t  e x i s t  in  the  a r e a .  Other  means which may in c lu d e  t u b e - w e l l s  
o r  pumps were out  o f  t h e  q u e s t i o n  simply  because  o f  low underground 
w a te r  t a b l e s .
The c o n s t r u c t i o n  o f  an i r r i g a t i o n  dam in  t h e  r e g io n  was, in  f a c t ,  
p a r t  o f  t h e  broad  campaign o f  b o o s t in g  a g r i c u l t u r a l  p r o d u c t i o n  th rough  
i r r i g a t i o n  i n  th e  Dry Zone Area.  The government r e a l i z e d  t h e  im p o r tan t  
r o l e  i r r i g a t i o n  would p l a y  and on th e  o t h e r  hand t h e r e  was no doubt 
t h a t  l i f e  would be much b e t t e r  o r  e a s i e r  w i th  i r r i g a t i o n  because  c o n t r a r y  
to  what i s  happening  i n  t h e  p r e s e n t ,  t h e  l o c a l  peop le  had s t r u g g l e d  
f o r  s u r v i v a l  w i th  minimum s u b s i s t e n c e  l e v e l s .  Given i t s  p r e - i r r i g a t i o n  
c o n d i t i o n s ,  t h e  i r r i g a t i o n  p r o j e c t  has he lped  t h e  development o f  the  
r e g i o n .
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CHAPTER 3
ECONOMICS OF IRRIGATION
3 .1  Economics o f  I r r i g a t e d  A g r i c u l t u r e
' I r r i g a t i o n '  i s  t h e  a r t i f i c i a l  s u p p l y  o f  w a t e r  t o  c u l t i v a t e d  c ro p s  
from a s t o r a g e  r e s e r v o i r  o r  s t r e a m  d i v e r s i o n  o r  by  l i f t i n g .  D ra ina ge  
i s  p a r t  o f  any i r r i g a t i o n  deve lopm en t  b e c a u s e  l a n d  i r r i g a t e d  w i t h o u t  a 
p r o p e r  n a t u r a l  o r  man-made d r a i n a g e  s y s te m  can become w a t e r - l o g g e d . 
I r r i g a t i o n  o f  c r o p s  i s  n o t  n e c e s s a r y  i n  a r e a s  w i t h  s u f f i c i e n t  r a i n f a l l  
f o r  c ro p  r e q u i r e m e n t s ,  p r o v i d e d  r a i n f a l l  o c c u r s  a t  t h e  t im e  needed .
A r e a s  w i t h  a d e q u a t e  an n u a l  r a i n f a l l ,  t h e  o c c u r r e n c e  o f  which  i s  no t  
t h e  t im e s  needed ,  w i l l  b e n e f i t  f rom s u p p l e m e n t a r y  i r r i g a t i o n  a t  t im es  
d u r i n g  t h e  growing  s e a s o n  when r a i n f a l l  and s o i l  m o i s t u r e  a r e  d e f i c i e n t .  
A r e a s  w i t h  low r a i n f a l l  must be  d e f i n i t e l y  s u p p l i e d  from a r t i f i c i a l  
i r r i g a t i o n  i f  t h e r e  i s  t o  be c r o p  p r o d u c t i o n .  Thus i r r i g a t i o n  h e l p s  
i n  e x t e n d i n g  o r  s t a b i l i z i n g  t h e  c r o p  c a l e n d a r .  Even when r a i n f a l l  
i s  r e a s o n a b l y  a d e q u a t e ,  a v a i l a b i l i t y  o f  i r r i g a t i o n  p r o v i d e s  s t a b i l i t y  
t o  c r o p  p r o d u c t i o n  t h r o u g h  management  o f  w a t e r .
The main o b j e c t i v e  o f  i r r i g a t i o n  i s  t o  s e r v e  two p u r p o s e s ,  namely,  
' p r o d u c t i o n '  and  ' p r o t e c t i o n ' .  I n  t h i s  r e s p e c t ,  i r r i g a t i o n  p l a y s  an 
i m p o r t a n t  r o l e  i n  a g r i c u l t u r a l  d e v e lo p m e n t ,  f o r  i t  i s  l a r g e l y  f o r  t h e  
p u r p o s e  o f  i n c r e a s i n g  a g r i c u l t u r a l  p r o d u c t i o n .  I r r i g a t e d  a g r i c u l t u r e ,  
t h u s  p r o v i d e s  a b a s i s  f o r  f u r t h e r  economic de v e lo p m en t .  P u b l i c  i r r i g a t i o n  
p r o j e c t s ,  a s  w e l l  a s  o t h e r  e n g i n e e r i n g  and  a g r i c u l t u r a l  works ,  a r e  n o t  
o n l y  f o r  t h e  p u r p o s e  o f  i n c r e a s e d  a g r i c u l t u r a l  p r o d u c t i o n ,  b u t  a l s o  
p r o t e c t i o n  a g a i n s t  d r o u g h t ,  d r y n e s s ,  f a m i n e ,  e t c .  I r r i g a t i o n  i n  humid 
c l i m a t e  a r e a s :
(a)  c o n t r o l s  s o i l  m o s i t u r e  and overcomes  t h e  p rob le m s  c r e a t e d  
by d r o u g h t ;
(b) p r o v i d e s  g r e e n  p a s t u r e  and g r e e n  food  f o r  m i l c h  and 
work a n i m a l s ;
(c) makes d o u b l e  and  m u l t i p l e  c r o p p i n g  p o s s i b l e  which  would 
p o s i t i v e l y  r e s u l t  i n  i n c r e a s e d  p r o d u c t i o n ;
(d) a i d s  t h e  b a c t e r i a l  and  c he m ica l  a c t i v i t i e s  o f  t h e  s o i l ;
(e)  improves  p l a n t  q u a l i t y  and a i d s  c o n t r o l  o f  c rop  p e s t s  
and d i s e a s e s ;
( f )  i n c r e a s e s  s o i l  m o i s t u r e  d u r i n g  t h e  growing s e a s o n ;
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(g) a i d s  in  deep o r  e a r l y  f a l l  p lough ing  and e x t e n s i v e  
c ropp ing ;  and,
(h) pays  in  i n c re a s e d  y i e l d s  and h ig h e r  v a l u e  o f  o u tp u t .
A w e l l  e s t a b l i s h e d  f a c t  i s  t h a t  fa rm ers  i n  humid a r e a s  can a s s u re  
th e m s e lv es  o f  l a r g e r  and more dependab le  crop y i e l d s ,  i n s o f a r  as 
i n f l u e n c e d  by a v a i l a b l e  s o i l  m o i s t u r e ,  by p ro v id i n g  i r r i g a t i o n  systems 
and dependab le  w a te r  s u p p l i e s .  But t h i s  f a c t  does n o t  prove t h a t  th e  
f a r m e r s '  p r o f i t s  w i l l  thus  be i n c r e a s e d .  Humid c l im a t e  fa rm ers  should  
c o n s i d e r  i r r i g a t i o n  as a p o s s i b l e  means o f  improving t h e i r  economic 
s t a t u s .
A key d e c i s i o n  in  d e s ig n in g  an i r r i g a t i o n  system i s  t o  e s t a b l i s h  
th e  w a te r  r e q u i r e m e n t s .  The d es igned  w a te r  re q u i re m e n t s  de te rm ine  
e i t h e r  t h e  maximum a r e a  t h a t  can be se rved  o r ,  i f  t h e  a r e a  i s  s p e c i f i e d ,  
t h e  amount o f  t h e  r e q u i r e d  w a te r  s u p p ly .  The w a te r  requ i re m en t  i s  t h e  
b a s i c  p a ram e te r  d i c t a t i n g  channel  w a t e r - c a r r y i n g  c a p a c i t y ,  and has 
i m p l i c a t i o n s  f o r  t h e  p h y s i c a l ,  economic and s o c i a l  environment l o c a l l y .  
The e s t i m a t e d  w a te r  r eq u i r e m e n t  needed t o  be s t o r e d  in  a r e s e r v o i r  i s  
based  on p o t e n t i a l  p r e c i p i t a t i o n  r a t e  o f  r a i n f a l l  and th e  l e v e l  o f  
s o i l  m o i s t u r e .  Any amount o f  p r e c i p i t a t i o n  r a t e  o ve r  and above t h e  
l e v e l  o f  s o i l  m o i s tu re  can be s t o r e d  d u r in g  a c e r t a i n  p e r io d  of  t im e .
With t h i s  s t o r a g e  of  w a te r ,  t h e r e  can be  a p o s s i b l e  e x t e n s i o n  of  t h e  
c rop  c a l e n d a r .
F ig u re  1 shows th e  r e l a t i o n s h i p  between th e  r a t e  o f  p r e c i p i t a t i o n ,  
t h e  r e q u i r e d  minimum le v e l  o f  s o i l  m o i s t u r e  and th e  c rop  c a l e n d a r .  This  
i s  supposed to  be f o r  an a re a  where a g r i c u l t u r e  depends h e a v i l y  on 
n a t u r a l  r a i n f a l l ,  and i s  assumed t h a t  r a i n s  o ccu r  on ly  from t h e  f o u r t h  
month t o  t h e  n i n t h  month o f  t h e  y e a r .  For a g iven  l e v e l  o f  s o i l  m o i s tu re  
needed f o r  t h e  growth o f  c ro p s ,  a g r i c u l t u r e  i s  on ly  p o s s i b l e  w i t h i n  a 
l i m i t e d  range  o f  r a i n f a l l  p e r i o d s .  The crop  c a l e n d a r  as shown i n  th e  
diagram i s  l i m i t e d  by t h e  cu rve  o f  t h e  r a t e  o f  p r e c i p i t a t i o n .  I f  any 
exce ss  o f  r a i n f a l l  above th e  l e v e l  o f  s o i l  m o i s tu re  i s  p r o p e r l y  s t o r e d  
in  shaded a r e a s  o f  I and I I ,  which would o th e rw is e  have been  was ted ,  th e  
c rop  c a l e n d a r  may be expanded t o  p e r i o d s  where r a i n f a l l s  do no t  occur .
In t h i s  way, i n s t e a d  o f  a mono-crop,  t h e r e  i s  a p o s s i b i l i t y  o f  a 
m u l t i - c r o p  c u l t u r e .
Development o f  i r r i g a t i o n  i s  an im p o r ta n t  element i n  a g r i c u l t u r a l  
development .  There a r e  main ly  two main t y p e s  o f  i r r i g a t i o n ,  namely 
g r a v i t y  i r r i g a t i o n  and l i f t  i r r i g a t i o n  sys tem s .  The former i s  commonly
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known as surface irrigation, where irrigation comes from storage tanks 
and reservoirs. Reservoir water is received from various combinations 
of catchment run-off and river diversions. Distribution of water from 
the reservoir is done by gravity flow through main canals and channels 
of diminishing sizes to farms.
Lift irrigation is the form of water being lifted from underground 
water tables by means of high-powered pumps, which later are distributed 
by the* same means as gravity flow irrigation. There are also other 
types of lift irrigation, for example, man-made wells, tube wells and 
sprinkler systems which fall in the same category.*
Any type of irrigation, surface gravity or lift irrigation, depends 
heavily on the water balance and the ground water tables. In the case 
of lift irrigation, water levels in the sub-soil determines the 
availability of water resources. For surface gravity, a water balance 
is the most important which is, by definition, the book-keeping of volume 
of water entering and leaving or being stored in a system during a
* For details of other typologies of irrigation systems, see 'Water 
Resource Project Planning', Water Resources Series No.41, United 
Nations, 1972.
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certain period of time.
Irrigation can be created by individual producers if the water 
table is high and where tube-well irrigation is feasible. Similarly, 
a group of producers can jointly store water if water can be stored in 
small tanks surrounded by agricultural fields. In more difficult 
situations, a major diversion and damming of a river, or joining of 
rivers is needed. In such a situation, a major public investment 
is needed. The role of the state in the first two can be at best 
facilitating, but in the last case it has to be enabling.
The establishment of major irrigation projects in the public sector 
depends heavily on the regional hydro-geological situation. Rainfall 
in the project area and in the whole catchment basin must be estimated.
It will also be necessary to estimate rainfall for different climatic 
zones in the area as a whole. Statistics of monthly rainfall should be 
recorded for each zone. Averages should be calculated for over thirty 
years or more. It is useful to estimate rainfall in the irrigation area 
because of its direct relationship with the requirements of irrigation 
water. The distribution and frequency of the monthly rainfall are, 
therefore, key factors. If possible, the frequency and intensity of 
daily rainfall should also be determined if any problems of surface 
drainage arise.
Temperature within the project area is the second most important 
climatic factor. With monthly temperature statistics, average evapo- 
transpiration in the area can be estimated. Monthly hours of sunshine 
and the degree of humidity are needed for the necessary estimates.
Soil maps showing the relative suitability for irrigation of the 
different soils should also be made before any system of irrigation is 
established. A soil classification survey should be conducted for 
allowing the best type of crops to be cultivated after completion of a 
project. In this way, certain yields can be predicted for certain 
crops. In connection with this, attention should also be paid to the 
danger of land erosion which might either reduce the area for irrigation, 
or necessitate soil protection and restoration measures, thus adding to 
the total investment outlay. It is essential to know the rate of 
erosion above the irrigation system and storage dam in order to 
estimate the probable sedimentation.
The hydrological and hydrogeological data are based on rainfall 
runoff in the catchment basins. Hydrological studies should be done
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on month ly  w a te r  s u p p l i e s  b o th  w i t h i n  t h e  p r o j e c t  a re a  and a t  p o i n t s  
where w ate r  can be s to r e d  o r  dammed. The maximum and minimum w a te r  
f lows must be de termined .  From t h e  h y d ro g e o lo g i c a l  v ie w p o in t ,  i t  i s  
im p o r tan t  to e s t i m a t e  the  n a t u r e  and s i z e  o f  t h e  wate r  b e a r in g  fo rm a t io n s ,  
t h e  p o s i t i o n  o f  w ate r  l e v e l s  and t h e i r  s e a s o n a l  f l u c t u a t i o n s .  Th is  
could  be done by r e g u l a r  r e c o r d i n g  and t h e  geo p h y s ica l  measurement o f  
w a te r  l e v e l s .  G e n e ra l ly  speak ing ,  t h e  s tudy  and e s t i m a t i o n  o f  w a te r  
r e s o u r c e s  a r e  o f  c o n s id e r a b l e  im por tance ,  because  the  measured 
q u a n t i t i e s  o f  wate r  would have a major i n f l u e n c e  upon th e  expec ted  
a g r i c u l t u r a l  p r o d u c t io n .
The c r e a t i o n  of  an i r r i g a t i o n  network should  be s u i t a b l e  f o r  th e  
to po logy  o r  eco logy  o f  the  p r o j e c t  a r e a .  I t  i n c lu d e s  t h e  t r a d i t i o n a l  
s u r f a c e  i r r i g a t i o n ,  types  o f  c a n a l s  and c h a n n e l s ,  methods o f  w a te r ing  
and a l l  r e l a t e d  works.  P r e - p r o j e c t  p l a n s  should  i n c lu d e  d e s ig n s  f o r  
dams based  on t o p o g r a p h i c a l  su rveys  o f  th e  s i t e s .  Canals  and main 
c h a n n e l s  shou ld  a l s o  be based  on to p o g r a p h i c a l  surveys  o r  d e t a i l e d  
maps. I t  i s  e s s e n t i a l  t h a t  t h e  g e n e ra l  p la n  o f  t h e  network o f  d i s t r i b u t i o n  
channe ls  i s  c a r e f u l l y  implemented.  The network w i l l  have to  ensure  
t h a t  a l l  land  i s  p rov ided  w i th  b o th  w a te r  and d r a in a g e .
P u b l i c  inve s tm en t s  f o r  i r r i g a t i o n  systems cover  a l l  c o s t s  which 
may in v o lv e  p r e l i m i n a r y  su rv ey s ,  p l a n s  and d e s ig n s ,  c o n s t r u c t i o n  of  the  
dam and i t s  s u p p o r t in g  s t r u c t u r e s ,  t h e  network o f  i r r i g a t i o n  c a n a l s ,  
m a t e r i a l  equipment and funds f o r  l a b o u r  and t h e  management body.  In  
some c a s e s ,  i t  in v o lv e s  f o r e i g n  c o s t  which may in c lu d e  equipment and 
t e c h n i c i a n s .  A f i n a n c i a l  p la n  should  be drawn w i th  a c l e a r  d i s t i n c t i o n  
o f  c a p i t a l  co s t  r eq u i re m en ts  between domest ic  cu r rency  and f o r e i g n  
exchange e x p e n d i tu r e .  A f t e r  t h e  f i n a n c i a l  r e q u i re m e n t s  a r e  de te rm ined  
t h e  s o u r c e s  from which th e y  may be covered must be i d e n t i f i e d .  For 
major  p r o j e c t s ,  most of  th e  c a p i t a l  c o s t  may be f in a n c e d  by p u b l i c  
funds which o r i g i n a t e  from annual  budge t s  o r  from c a p i t a l  r e s o u r c e s  
drawn from s p e c i f i c  government revenue .  In  th e  case  o f  a f o r e i g n  loa n ,  
t h e  d u r a t i o n  and t h e  r a t e  o f  i n t e r e s t  a long  w i th  t h e  d a t e s  o f  
p r i n c i p a l  repayments and i n t e r e s t  charges  must be c o n s id e re d .  S ince  
major i r r i g a t i o n  p r o j e c t s  in v o lv e  huge p u b l i c  investment o f  l a bou r  and 
c a p i t a l ,  t h e r e  i s  a need f o r  i t s  economic and s o c i a l  e v a l u a t i o n .
Inves tm en t  c o s t s  f o r  p u b l i c  i r r i g a t i o n  p r o j e c t s  a r e  m os t ly  i n c u r r e d  
by t h e  s t a t e .  C o n s t ru c t io n  o f  a majo r  p r o j e c t  imposes two pr im ary  
demands o f  r e a l  r e s o u r c e s  on th e  economy, namely l a bou r  which r e p r e s e n t s
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d i r e c t  f a c t o r  demands and m a t e r i a l s ,  equipment and s u p p l i e s  which have 
c e r t a i n  o p p o r t u n i t y  c o s t s .  Because major  works invo lve  c o n s i d e r a b l e  
economic c o s t s  and because  t h e r e  i s  a long g e s t a t i o n  p e r i o d ,  t h e se  a r e  
u s u a l l y  borne  by th e  s t a t e .  In  o t h e r  words,  i t  i s  a p u b l i c  inve s tm en t .
As i r r i g a t i o n  i s  r eg a rd ed  as  one o f  t h e  p r im ary  r eq u i re m en ts  o f  
a g r i c u l t u r a l  development,  a g r e a t  dea l  o f  a t t e n t i o n  i s  being p la c e d  
upon p u b l i c  inve s tm en t s  i n  such works.  There a re  two r e l a t e d  q u e s t i o n s  
in v o l v e d  in  i r r i g a t i o n  p o l i c y .  One i s  t h e  p u b l i c  inves tm en t  a l l o c a t i o n  
t o  i r r i g a t i o n .  Another i s  t h e  r e c o v e ry  o f  c o s t s  invo lved .  The f i r s t  i s  
conce rned  w i th  t h e  u n d e r ta k in g  o f  a major  p u b l i c  in ves tm en t  p r o j e c t  
and hence th e  need f o r  s tu d y in g  t h e  o p p o r t u n i t y  c o s t s  o f  p u b l i c  r e s o u r c e s .  
In  a d d i t i o n ,  i t  i s  im p o r ta n t  f o r  most governments to  dec ide  upon 
e s t a b l i s h m e n t  of  such systems not  on d i r e c t  economic c o n s i d e r a t i o n s  a lone  
b u t  more im p o r t a n t l y  on s o c i a l  and r e g i o n a l  development c o n d i t i o n s . * *
The o t h e r  q u e s t i o n  which i s  r e l a t e d  with  th e  recoupment o f  c o s t s  
i s  d i r e c t l y  concerned  wi th  t h e  economic p r o f i t a b i l i t y  o f  th e  p r o j e c t s .
As f a r  a s  t h e  r e c o v e ry  o f  c o s t s  a r e  conce rned ,  t h e r e  a re  s e v e r a l  ways 
in which  t h i s  may be done:
(a) c a p i t a l  inves tm en t  f u l l y  f in a n c e d  by t h e  b e n e f i c i a r i e s  
in  t h e  i r r i g a t e d  a r e a ;
(b) a c a p i t a l  l evy  t o  be p a id  by th e  b e n e f i c i a r i e s ;
(c) charg ing  o f  i r r i g a t i o n  w a te r  r a t e s ;  and,
(d) p u b l i c  inves tm en t  borne by th e  s o c i e t y .
P r i v a t e  inve s tm en t  depends on th e  i n t e r e s t  and c o - o p e r a t i o n  o f  th e  
b e n e f i c i a r i e s  th e m s e lv e s .  In t h i s  r e s p e c t ,  i t  i s  im por tan t  to  know 
t h e  a t t i t u d e  o f  f a rm e rs  towards development o f  i r r i g a t i o n  systems and 
t h e i r  e x p e c t a t i o n s  f o r  f u t u r e  changes  i n  t h e  l o c a l  a g r i c u l t u r e .
Government p o l i c i e s  shou ld  a l s o  tend  t o  encourage p r i v a t e  in v e s tm en t s  
in  a r e a s  where p u b l i c  funds cannot  be a l l o c a t e d .  In  t h i s  c a s e ,  
c o n s i d e r a t i o n  must a l s o  be g iven  t o  loans  and s u b s i d i e s  by t h e  government.
On t h e  o t h e r  hand,  a c a p i t a l  levy t o  be p a id  by t h e  b e n e f i c i a r i e s  
o r  t h e  w a te r  charges  w i l l  obv ious ly  depend upon government p o l i c i e s .
* D e ta i l e d  d i s c u s s i o n s  o f  t h e  p la n n in g  p r o c e s s  on t h e  scope o f  w ate r
r e s o u r c e s  p la n n in g  can be found i n  ’Water  Resource P r o j e c t  P l a n n i n g ' ,  
Water  Resource S e r i e s  No. 41,  U nited  N a t i o n s ,  1972.
** The o p p o r t u n i t y  c o s t s  o f  p u b l i c  r e s o u r c e s  invo lved  in  major 
i r r i g a t i o n  systems a r e  d i s c u s s e d  w id e ly  in  l a t e r  c h a p t e r s .
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Here,  t h e  main o b j e c t i v e  i s  t h e  reimbursement of  th e  p a r t i a l  or  t o t a l  
in v e s tm en t  used f o r  i r r i g a t i o n .  For s o c i a l  r e a s o n s ,  charges  on w ate r  
r a t e s  and c a p i t a l  charges  w i l l  have to  be r e a s o n a b l y  f i x e d .  The 
f i x a t i o n  o f  i r r i g a t i o n  r a t e s  has  a d i r e c t  r e l a t i o n s h i p  w i th  t h e  e x t e n t  
and n a t u r e  o f  u t i l i z a t i o n  o f  th e  i r r i g a t i o n  p o t e n t i a l , *
A f t e r  t h e  e s t a b l i s h m e n t  o f  i r r i g a t i o n  sys tems ,  a p ro p e r  water  
management and a p ro p e r  a l l o c a t i o n  p ro ced u re  and use  o f  wate r  should 
a l s o  be c o n s id e re d .  A c e n t r a l  and u n i v e r s a l  i s s u e  in  the  d i s t r i b u t i o n  
o f  w a te r  i s  when and where i r r i g a t i o n  w a te r  i s  d i s t r i b u t e d  t o  fa rm e rs .
When w a te r  i s  s c a r c e  and o f t e n  c o n s t r a i n i n g ,  where i n d i v i d u a l  fa rmers  
have t o  compete f o r  i t ,  t h e  focus  i s  on t h e  a l l o c a t i o n  and a c q u i s i t i o n  
which d e te rm in e s  t h e  access  o f  u s e r s  to  w a te r .
On t h e  o t h e r  hand,  t h e r e  i s  i n c r e a s e d  awareness o f  t h e  c r i t i c a l  
r o l e  t h a t  i n s t i t u t i o n s  and o r g a n i z a t i o n s  p la y  i n  th e  p ro c e s s  o f  
i r r i g a t i o n  development.  Obviously ,  t h e  s uccess  o f  an i r r i g a t i o n  p r o j e c t  
depends l a r g e l y  not  on ly  on i r r i g a t i o n  a u t h o r i t i e s  a lone  bu t  a l s o  on 
t h e  a c t i v e  p a r t i c i p a t i o n  and c o - o p e r a t i o n  o f  i n d i v i d u a l  f a rm e rs .
T h e r e f o r e ,  a group such as  f a r m e r s '  a s s o c i a t i o n  should  be o rgan ized  
w i th  i n i t i a l  government a s s i s t a n c e ,  t o  he lp  in  a t t a i n i n g  t h e  o b j e c t i v e s  
o f  an i r r i g a t i o n  p r o j e c t .
N eed le ss  to  say,  t h e  s u p p o r t in g  f a c i l i t i e s  have equal  im por tance  
a long  w i th  f a c t o r s  d i r e c t l y  a f f e c t i n g  t h e  p r o j e c t  and i t s  b e n e f i c i a r i e s .  
These i n c l u d e  markets  f o r  b o th  i n p u t s  and o u t p u t s ,  a g r i c u l t u r a l  
e x t e n s i o n  s e r v i c e s  and i n f l u e n t i a l  government p o l i c i e s .  There must be 
an o rg a n iz e d  w e l l - e s t a b l i s h e d  market f o r  a g r i c u l t u r a l  i n p u t s ,  i f  the  
f a rm e rs  a r e  t o  make t h e  b e s t  u se  o f  i r r i g a t i o n .  P r i c e s  should  be 
r e a s o n a b l e  and governments should e x e r c i s e  c o n t r o l  to  h in d e r  seve re  
d i s t o r t i o n s  in  th e  m arke t .  Government p o l i c i e s  shou ld  a l s o  be implemented 
t o  have easy  a cc ess  o f  ma jor in p u t s  such as c r e d i t ,  f e r t i l i z e r s ,  e t c . ,  
t o  f a r m e r s .
3 .2  I r r i g a t i o n  Costs
Economic and f i n a n c i a l  a n a ly s e s  a re  per formed t o  e s t a b l i s h  t h e  
soundness  o f  a p r o j e c t .  Soundness a n a l y s e s  a r e  a judgement to  
e v a l u a t e  t h e  u n d e r ta k in g  o r  f i n a n c i n g  o f  a p o t e n t i a l  p r o j e c t .  Economic
* The f i x a t i o n  o f  i r r i g a t i o n  r a t e s  i s  d i s c u s s e d  i n  d e t a i l  i n  th e  l a t e r  
c h a p t e r s .  I r r i g a t i o n  p o t e n t i a l  i s  by d e f i n i t i o n  t h e  a r e a  t h a t  a 
g iv e n  i r r i g a t i o n  work can i r r i g a t e .  I t  thus  measures th e  c a p a c i t y  
o f  an i r r i g a t i o n  work.
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analysis is mostly concerned with the economic feasibility of a project, 
while financial analysis is related to its viability. The latter makes 
sure that the execution of a project is properly financed, its cost 
recovered, and cash flow problems do not arise.
There are two main cost components which consist in the total 
project cost, namely the capital investment cost and annual or recurring 
costs. The former costs are mainly for investigation, planning and the 
execution of a project which can be broken down into separate cost 
components, such as:
(a) costs for pre-project exploration and study;
(b) costs for planning and design;
(c) construction costs and other associated costs;
(d) costs for resettlement and relocation;
(e) associated development costs;
(f) environmental development costs;
(g) cost for personnel training.
Most capital costs can be measured as monetary costs in terms of 
market prices or in some cases in terms of shadow prices. If the 
construction of a project is arranged with private contracts, all 
monetary costs would include payments for services, materials, equipment 
and land. In most state-controlled societies, these cost categories are 
met by the government itself. In this case, total costs from project 
survey to the final execution of the project are incurred by the state.
Costs for pre-project exploration are those for engineering or 
geological surveys, administration and laboratory works. Costs for 
planning and design may include detailed designs and construction 
drawings.
Construction costs which are supposed to be the main cost component, 
are cost for execution of project works. This will, of course, include 
costs for engineering and administrative purposes. There is also a need 
for a contingency fund in cases for discrepancies between estimated and 
actual costs or for unforeseeable difficulties and charges, which is 
always the case. The fund would be no more than a small percentage 
of the total costs.
There is a special cost component concerned with the resettlement 
and rehabilitation. These costs are for the removal of local inhabitants 
from the catchment areas. The responsibility of the government is to
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ascertain that these displaced people are resettled with the least 
disruption to their ability of earning a livelihood. Sometimes there 
are social and political constraints placed upon the authorities in 
evacuating them. Usually, the government pays financial compensation 
for all social and economic losses, which is often taken into account 
as one of the project costs.
The above constitute costs which are before or during the period 
of construction of a project. Costs after the project also formed a 
major component in total costs and are regarded as equally important 
to costs before the project. Costs which fall into this category are 
development costs, environmental costs and annual operation and 
maintenance costs. Development costs are those for land consolidation, 
demonstration farms, extension services, farm credit, storage and 
transportation. Environmental costs are costs that add to the natural 
quality or beauty of a project.
Training cost for skilled personnel are also to be regarded as 
costs, for these ensure successful operation and management of a project. 
Skill and knowledge of the working staff can be improved through a 
well-planned training program during or after construction periods.*
Annual costs for operation and maintenance represent costs for 
materials, equipment, administrative or management and others to keep 
the project in efficient operation. Annual recurring costs may 
include:
(a) wages and salaries;
(b) costs for replacement of equipment and materials;
(c) costs for repairs and maintenance.
Wages and salaries are paid for administrative and management 
services to those who operate the project. Costs for replacement of 
equipment and materials are usually estimated and met by a reserve 
fund. Costs for repairs and maintenance are mainly for physical wear 
and tear or obsolescence. In cases for irrigation projects, costs 
for maintenance are not only for those equipment installed in the 
project but more importantly for canal distribution systems.
Replacement costs may not be on a yearly basis but it is usually the
* This is widely discussed in ’Economic Aspects of the Bhakra Nangal 
Project’, K.N. Raj, Delhi School of Economics, May, 1959, and 
’Economics of Irrigation Rates', Nasim Ansari, University of Delhi, 
1968.
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case in c o s t s  f o r  r e p a i r s  and main tenance .
All c o s t s  t h a t  a r e  r e l e v a n t  i n  the  computa t ion  o f  p r o f i t a b i l i t y  
from a f i n a n c i a l  p o i n t  o f  view a re  the  a c t u a l  c o s t s  e v a l u a t e d  a t  i n t e r n a l  
market p r i c e s .  Assuming th e  i n t e r n a l  market  i s  c l o s e  to  p e r f e c t l y  
co m p e t i t iv e  marke t ,  t h e  b e s t  p r i c e s  one could no rm al ly  use  w i l l  be th e  
market p r i c e s .  In the  f i r s t  p l a c e  a l l  goods and s e r v i c e s  invo lved  i n  
ca r ry ing  o u t  the  p r o j e c t  o r  o p e r a t i n g  i t  w i l l  have to  be va lu ed  a t  
market p r i c e s .
The use  o f  market  p r i c e s  may be improper ,  s i n c e  in  p r a c t i c e  t h e r e  
a re  im p e r fe c t io n s  i n  th e  market .  I f  i t  i s  t h e  c a s e ,  then  such p r i c e s  
may not be equal  t o  p r i c e s  which may r e f l e c t  t r u e  s o c i a l  c o s t s .  I t  i s  
t h e r e f o r e  n e c e s s a ry  t o  e v a l u a t e  c o s t s  a t  a p p r o p r i a t e  p r i c e s  which may 
re p re s e n t  t h e i r  t r u e  c o s t  to  t h e  s o c i e t y .
I f  a p r o j e c t  i n v o lv e s  goods and s e r v i c e s  which can be co n s id e re d  
as t r a d e a b l e s ,  t h e  most a p p r o p r i a t e  p r i c e s  t o  use  accord ing  to  some 
w r i t e r s  a r e  the i n t e r n a t i o n a l  p r i c e s  i n  p l a c e  o f  i n t e r n a l  market  p r i c e s .  
Reasons behind t h i s  a r e  t h a t  world market  p r i c e s  a r e  b e l i e v e d  to be 
more or l e s s  c l o s e  to  p r i c e s  i n  the  p e r f e c t  marke t .
For a l l  goods and s e r v i c e s  where t h e r e  i s  n e i t h e r  an i n t e r n a t i o n a l  
p r i c e  n o r  an i n t e r n a l  c o m p e t i t iv e  market  p r i c e ,  th e  r e a l  c o s t  i s  the  
s o c i a l  o p p o r t u n i t y  c o s t .  This  i s  o b v io u s ly  t r u e  in  the  case  o f  fam i ly  
la bour .  There i s  an o p p o r t u n i t y  c o s t  invo lved  i n  employing la b o u r  i n  a 
p r o j e c t .  The t r u e  va lue  o f  l a b o u r  i n  s i t u a t i o n s  o f  unemployment i s  
o f ten  ve ry  c lo s e  to  i t s  s u b s i s t e n c e  l e v e l  and u s u a l l y  i t  i s  f a r  below 
th e  nominal wages a t  market  p r i c e s .  For p r o j e c t s  which may invo lve  
c e r t a i n  s k i l l e d  l a b o u r  such as e x p e r t s  and t e c h n i c i a n s ,  i t  i s  n e c e ss a ry  
to  value such type  o f  l abou r  a t  the  co s t  o f  im por ted lab o u r .
The f a c t  t h a t  i r r i g a t i o n  p r o j e c t s  as well  as o t h e r  p r o j e c t s  
involved  bo th  l o c a l  and f o r e i g n  r e s o u r c e s ,  means t h a t  t h e s e  f o r e i g n  
re s o u rces  must a l s o  be va lued  a t  t h e i r  t r u e  s o c i a l  c o s t .  This  would 
no t  lave  been too d i f f i c u l t  i f  i t  were n o t  fo r  the  f a c t  o f  p r i c e  and 
market d i s t o r t i o n s  in  many d eve lop ing  c o u n t r i e s  which u s u a l l y  makes 
o f f i c i a l  r a t e  of  exchange u n s u i t a b l e  f o r  th e  purpose  in hand.*  Hence, 
p r o j e c t s  which in vo lve  f o r e i g n  r e s o u r c e s  a r e  a p t  to  use shadow exchange 
r a t e s  which r e f l e c t  t r u e  v a l u e s  o f  any f o r e ig n  exchange c o s t  component.
* The use  of  shadow p r i c e s  f o r  labour  o r  f o r e i g n  exchange i s  d i s c u s s e d  
in l a t e r  p a r t s  o f  t h i s  c h a p t e r .
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On th e  o t h e r  hand ,  f o r  r e a s o n s  which need no e l a b o r a t i o n ,  p r o j e c t s  
u s u a l l y  t a k e  l o n g e r  than  e x p ec ted .  In t h e  mean t ime p r i c e s  may have 
r i s e n  from t h e  v e ry  i n c e p t i o n  o f  th e  p r o j e c t .  In many c a s e s ,  the  
i n c r e a s e  in  p r i c e s  can a l s o  be q u i t e  s i g n i f i c a n t .  Hence,  c o s t s  o v e r ru n  
due to  any p h y s i c a l  c o n t i n g e n c i e s  o r  p r i c e  i n c r e a s e s  has  t o  be al lowed 
f o r  in  the  e s t i m a t i o n  o f  p r o j e c t  c o s t s .
3 .3  Economic B e n e f i t s  o f  I r r i g a t i o n
The d i f f e r e n c e  i n  t o t a l  economic and a g r i c u l t u r a l  income ' w i t h '  and 
' w i t h o u t ’ th e  p r o j e c t  d u r in g  i t s  economic l i f e ,  i s  r ega rded  as th e  
economic c o n t r i b u t i o n  o r  economic r e t u r n s  o f  t h e  p r o j e c t .
I f  we a r e  to  compare th e  economic n a t u r e  o f  a l t e r n a t i v e  i r r i g a t i o n  
p r o j e c t s ,  economic e f f i c i e n c y  o f  each p r o j e c t  must be computed o r  
c a l c u l a t e d  by means o f  a c o s t - b e n e f i t  r a t i o  o r  any o t h e r  economic 
c r i t e r i o n .  Economic e f f i c i e n c y  i s  ex p re s sed  in  te rms o f  a comparison 
o f  the  v a l u e s  o f  o u t p u t s  and i n p u t s , s im ply  exp re s sed  as p r o j e c t  b e n e f i t s  
and c o s t s  r e s p e c t i v e l y .  While p r o j e c t  c o s t s  can be c l e a r l y  d e f in e d  in  
c o n c r e t e  measurements,  p r o j e c t  b e n e f i t s  a r e  d i f f i c u l t  to  d e f i n e .  
Measurement o f  p r o j e c t  b e n e f i t s  v a r i e s  among c o u n t r i e s ,  depending on 
economic p o l i c i e s ,  economic c r i t e r i a  and v a lu e s  and any economic 
i n f o r m a t io n  a v a i l a b l e .  Economic b e n e f i t s  o f  an i r r i g a t i o n  p r o j e c t  can 
be c l a s s i f i e d  i n  t h r e e  c a t e g o r i e s ,  namely,
(1) p r im ary  b e n e f i t s ;
(2) s econdary  b e n e f i t s ;  and
(3) i n t a n g i b l e  b e n e f i t s .
The p r im ary  b e n e f i t s  which a r e  no rm al ly  known as d i r e c t  b e n e f i t s  
a r e  th e  i n c r e a s e  i n  the  n e t  g a in s  from th e  farm p ro d u c t i o n  o f  more 
g r a i n s ,  c ro p s  and o t h e r  farm p r o d u c t s .  In o t h e r  words,  i t  i s  t h e  n e t  
g a in  a c c r u in g  to  an average  farm m u l t i p l i e d  by th e  t o t a l  number o f  farms 
i n  the  i r r i g a t e d  a r e a ,  o r  some s i m i l a r  measure .
The i n c r e a s e  i n  farm p r o d u c t i o n  i s  ma in ly  due t o  (a)  i n c r e a s e  in  
c rop  y i e l d s ,  (b) i n c r e a s e  in  the  t o t a l  farming a r e a .  I r r i g a t i o n  can 
p ro v id e  s e c u r i t y  and freedom o f  farm c u l t i v a t i o n  from s h o r ta g e  of  
r a i n f a l l ,  d ro u g h t ,  d r y n e s s ,  e t c .  By taming th e  f lo o d s  i t  can a t  l e a s t  
p r e v e n t  some f r e q u e n t  c rop  f a i l u r e s .  Lessening  t h e  chances o f  crop 
f a i l u r e s  means i n c r e a s i n g  t h e  chances f o r  crop m a tu r in g s ;  th u s  l e a d in g  
to  i n c r e a s e  i n  a g r i c u l t u r a l  o u tp u t .  I r r i g a t i o n  p lu s  o t h e r  s c i e n t i f i c ,  
s y s t e m a t i c  methods o f  farm c u l t i v a t i o n  w i l l  c e r t a i n l y  i n c r e a s e  d i f f e r e n t
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crop yields, especially in water-scarce arid areas. Crop yield is one 
of the main factors in making up the total amount of agricultural 
production and hence by increasing yields, irrigation helps boost 
agricultural production.
Estimation and yield projections for a number of major crops grown 
in different project areas, and forecasting these changes is one of the 
most critical parts of project planning. Irrigation may also increase 
the total gross farming area either by bringing new lands under 
cultivation or by transforming single cropped areas into double-crop areas 
We can estimate the gross gain by multiplying the increase in cultivated 
area by the increase in yield for different crops.
The basic data for these calculations are usually drawn from land 
classification survey and farm budget studies. To provide a basis 
for planning in the project area, a land classification survey is 
firstly performed. This survey will evaluate the land productivity 
with and without irrigation, to determine water requirements and the 
requirement of production cost. The survey also provides information 
on development costs of new lands for farming purposes, including 
land clearing, levelling, soil amendment, and farm ditches for water 
distribution and drainage at the farm level. Farm budget studies 
provide output, production expenses, and farm family living expenses 
with and without irrigation.
For the survey and farm budget analysis, sample farms may be selected 
from each of the different classes of land. If farms vary widely in 
size, a selection of an adequate number of samples representing blocks 
of farm sizes can be done. Consideration must also be given to 
location of the sample farms with respect to the canal systems. In an 
area where land is highly fragmented, a large number of farm samples 
will be needed. If there exists in the project area or in the 
neighbouring area farms having adequate water supply, they provide 
useful samples in the farm budget analysis. This will determine land 
productivity and net farming gains when irrigation is provided to the 
project area.
As mentioned earlier, estimation of benefits is always a difficult 
and uncertain business. In fact, economic benefits in the appraisal 
of a large number of irrigation projects in underdeveloped countries 
is more or less done without any farm budget studies. All necessary 
computations for estimation of direct benefits are simply done on the 
basis of experimental farms.
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Again when comparing 'with' and 'without* irrigation situations, 
the practice until recently has been to compare the present situation 
'without' irrigation with the future situation 'with' irrigation. A 
more appropriate procedure is to compare the future situation 'without' 
irrigation with the future situation 'with' irrigation. Indeed, this 
is the procedure followed by the World Bank in the appraisal of 
irrigation projects.
The secondary benefits which are normally known as the indirect 
benefits are those increases in the net gains from activities induced 
by the primary benefits. They are as follows:
(1) farm profits of local wholesales and retailers in 
handling the increase in sales of farm products 
consumed locally in the project area without processing;
(2) profits of all enterprises from handling, processing and 
marketing of farm products locally or elsewhere between 
the farm and the final consumer;
(3) profits of all enterprises from supplying goods and 
services to farm families in the increase of farm 
purchases for family living and production expenses;
(4) increase in the land value in the locality.
In an economy with a large amount of unused resources, for example 
labour, a primary investment such as an investment in irrigation may 
create a demand for these resources. Thus it could be a social benefit 
to the society in employing these resources which would otherwise have 
remained idle. In fact, indirect benefits are also equally as important 
as direct benefits because in many developing countries there are 
abundant labour and land resources, and construction of irrigation 
projects and increased farming with irrigation would obviously mean 
employment for more labour and more agricultural use of land.
In many land scarce developing countries, there is a significant 
existence of unemployment. On the other hand, there is also a great 
scarcity of capital and skilled labour. There can be different 
degrees of unemployment of factors of production in different areas 
of the same region; and these resources can also be immobile. In this 
respect, if these resources can be easily mobilized, it is of considerable 
importance to take into account secondary benefits and external economies 
such as employment of labour and labour movement to places where the 
need arises.
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Another crucial aspect is that the technological spillover should 
be considered if we are concerned with maximizing the real national 
product. For example, the creation of drainage problems near a reservoir 
is a cost that should be considered, while the provision of flood control 
downstream of a dam is a benefit that should be considered even if the 
dam was constructed solely for the purpose of water supply. On the 
other hand, pecuniary spillover effects should also be considered. A 
pecuniary spillover effect to labour occurs when the establishment of 
an irrigation project increases the labour price in nearby areas; and 
in another respect if the project produces, for example, cotton in 
sufficient quantity to drive down its price, competing cotton growers 
in nearby areas would suffer a pecuniary spillover loss.
There are benefits which cannot be expressed in monetary terms but 
these could be decisive importance. These are the intangible benefits.
In other words, intangible benefits are those which cannot be measured 
in terms of monetary or physical measures. Some examples are reduction 
in loss of life,enhancement of the general welfare and security of the 
people, improvement of sanitation and protection against epidemics.
Loss of human lives is, of course, a very important item in the field 
of flood protection.
Among intangible benefits, enhancement of general welfare is one 
of the most difficult to express. They are often not only immeasurable, 
but beyond specific description. There is yet another aspect of flood 
control works which is of importance to the general welfare, i.e. the 
possibility of increasing employment in an underdeveloped region by 
execution of such works. Intangible benefits in public health are very 
real too, thanks to the fact that sanitary precautions all over the 
world have improved so much that the adverse medical consequences of 
flooding can often be minimised.
Beneficial effects of a water resource development differ among 
project purposes. Their measurement varies with economic conditions 
and national policy. Some benefits may be hard to evaluate but they 
are all important considerations in determining the most feasible 
project. Such beneficial items may include life saving, social well­
being, increased employment, economic growth stability, increased 
settlement opportunity, improvement in public health.
Measurement of benefits is categorized according to project 
functions:
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(1) Benefits from domestic and industrial water supplies 
are measured in terms of improved public health, reduced 
fire hazard and more pleasant living environment;
(2) Flood control benefits arise from reduction in losses 
not only to human lives but also to land and property, 
and increase in net worth of real estate or land 
utilization;
(3) Navigation benefits are measured by savings in cost 
of transportation resulting from improved means of 
transport, as well as the increase in water traffic 
volume arising from project implementation;
(4) Hydro-power benefits are measured in terms of hydro 
power or water power, better living conveniences, 
conservation of fossil fuel resources for other 
alternative uses;
(5) Fish and wild life benefits come mainly from increase 
in commercial fish harvest and in sport fishing 
because of the project;
(6) Recreational benefits are often difficult to measure 
but may be accounted as some measure of the amount
a vacationer is willing to pay for his enjoyment;
(7) Benefits such as watershed management and soil 
conservation aims at preserving the earth's fertility 
and productivity.
3.4 The Problems of Irrigation Pricing
There are several questions which are mainly concerned with the 
problem of irrigation pricing. One important question relates to how 
high must the irrigation rates be. This rests more or less on the 
consideration of irrigation authorities whether they should charge a 
rate which may earn a profit on irrigation, or whether rates should 
be fixed on a no-profit no-loss basis.
Another important question is concerned with the method of charging 
for irrigation water which is normally based upon per unit of land or 
per unit of water. In the earlier days, charges for irrigation rates 
were made upon the useage of the volume of water, and this was emphasized 
from the point of view of avoiding wastage of water. It is often argued 
that this acreage method would leave the farmer with no incentives to 
economize upon water, for his payments seemed to be unrelated to the 
quantum of water used by him. On the other hand, there is also another
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method where irrigation rates are fixed according to crop. Different 
crops have different water or irrigation requirements, and therefore, 
according to this method, there could be variations in charges between 
crops in proportion to their water requirements.
There are three alternative principles in charging irrigation rates; 
namely, the average cost principle, the marginal cost principle, and the 
net benefit principle.*
The net benefit principle requires a constant proportion of 
benefits attributable to irrigation. Marginal cost pricing and average 
cost pricing are related to the problems of pricing of services 
performed by public utilities. It has been assumed that general pricing 
is done at the point where the marginal cost curve intersects the 
average cost curve. In the real world, there might be such situations 
where costs are not sufficiently large enough to result in a rising 
average cost curve; which means that the marginal cost curve might 
always be below the average cost curve.
In such a case, those who propose the marginal cost principle 
pointed out the social losses involved in average cost pricing. On the 
other hand, rates charged at a point where the demand curve meets the 
average cost curve would enable not only for full utilization of 
irrigation water but would also recover costs. Charging rates before 
full capacity of utilization would shift the rates higher. This is very 
likely to happen in dry regions. If the demand for water is likely to 
meet the full capacity of supply, there is no need for a marginal cost 
pricing.**
Factors that change demand for irrigation are climate, rainfall, 
soil conditions, cropping patterns and techniques of agriculture. In 
years of low rainfall, the demand for irrigation increases. Changes in 
the cropping pattern would also affect demand. Similarly, changes in 
agricultural techniques would affect demand.
Costs could only be recovered by fixing rates on the basis of an 
average cost principle. If the rate is being fixed before full capacity
* These principles are widely discussed in 'Economics of Irrigation
Rates', Nasim Ansari, University of Delhi, 1968.
** The literature on irrigation pricing can also be found in
'Economic Study of Keepit Dam', International Engineering Service
Consortium, 1969, and 'Benefit-cost Analysis of the Sarda Canal
System', Baljit Singh and Shridhar Misra, Lucknow University, 1960.
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of utilization, it is likely to involve wasteful allocation of resources. 
Fixing a rate where there is maximum utilization is a more rational 
behaviour. Suppose the rate is fixed below the average cost, it would 
obviously involve a loss to the government. On the other hand, if 
total consumers' surplus is higher than the accounted loss, any fixation 
of rates can be justified as socially beneficial.
Average cost pricing can be on different principles even in a region 
depending on the wide variations of costs of irrigation works. Therefore, 
following the above arguments, the net benefit principle becomes more 
desirable to economists compared with the other principles. In this 
respect, it would be more convenient to have a uniform rate in the 
country if not in a region. On the other side, a uniformity of rates 
seems to.be almost impossible.
Another aspect of viewing this, rather than the average or the 
marginal cost pricing, is the direct and indirect benefits of irrigation.
If an irrigation project is undertaken mainly because of indirect benefits, 
irrigation rates may not be chargeable. Further, if direct benefits are 
lower than costs, charging of rates is desirable but this will have to 
be kept lower than costs.
Another argument is the fixation of rates for different crops in 
proportion to the quantities of water used by them, which can be termed 
as volumetric charging. As already mentioned, it would provide 
inducement to farmers to economize upon the use of water to the possible 
maximum extent. Even if this is the case, it is likely to create a 
lot of problems in real practice.*
The governments in some countries like Burma and Sri Lanka supply 
irrigation to the farmers. In such situations water rationing is not 
done through pricing but through other social institutions. The total 
cost of irrigation projects in these countries has to be met from 
general taxes. The welfare of the direct beneficiaries improves at 
the cost of those from whom taxes have been collected but no direct 
benefit accrues from the project.
* See Clark, Colin, 'The Economics of Irrigation', University of Oxford 
Agricultural Economics Research Institute, 1967.
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3.5 Economic Evaluation of an Irrigation Project
There are several ways of evaluating an irrigation project. For any 
project, the most important concern is the return to the society of the 
resources committed to the project. In project analysis, there is a 
sharp contrast between a financial analysis and an economic analysis.
If the evaluation of a project is concerned with financial returns mainly, 
it may be termed as the financial analysis. Some economists define the 
financial return as the direct returns valued at market prices. A 
financial analysis may also be applied to huge public sector investments.
A financial analysis is directly concerned with the financial 
viability of a project or in other words, the rate of return of the 
capital invested. As far as the word 'financial* is concerned, it is 
to investigate the stream of costs and benefits in terms of the actual 
prices involved, i.e. with the market prices. Sometimes a project may 
involve a number of firms and individuals, where a financial analysis 
could be done separately for each case. It can also be done in a major 
public investment project which is, in fact, an evaluation of all 
items of costs and benefits incurred and achieved in terms of market 
prices. This will tell us the commercial profitability or the rate of 
return or the productivity of the invested capital.
All items of costs and benefits may involve everything, including 
transfer payments like taxes and subsidies. In a financial analysis, 
taxes are treated simply as costs while subsidies as benefits to the 
project. Payments like interest charges or in the case of a foreign 
loan, principal repayments, are treated as costs to the project, and 
all items of cost may be deducted from the total benefits to arrive 
at net returns of the project as a whole. In fact, all costs and 
benefits in terms of their market values are compared to determine 
whether a project is financially sound or not.
An economic analysis is different from a financial analysis. When 
a public project involves substantial costs and benefits it is necessary 
to go into the question of whether or not these values in terms of 
market prices really represent the economic costs and benefits to 
society. Since all scarce resources involve opportunity costs, it 
is important to check whether these market values correctly reflect 
their true social opportunity costs or not. In this context, wherever 
market prices seem to be more or less distorted, accounting prices are 
used instead. The fact is that there are severe distortions in market 
prices due to governmental controls, subsidies, taxes, etc. Therefore,
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i t  i s  b e l i e v e d  t h a t  c e r t a i n  market  p r i c e s  f a i l  to  r e f l e c t  t h e i r  t r u e  
economic v a l u e s ,  and hence cannot  be inc luded  i n  an economic a n a l y s i s .
This  n e c e s s i t a t e d  t h e  a d ju s tm en t  o f  c e r t a i n  market  p r i c e s  which may be 
termed as  shadow or  accoun t ing  p r i c e s  where t h e s e  a r e  b e l i e v e d  to 
r e f l e c t  t r u e  s o c i a l  and economic v a l u e s .
An economic a n a l y s i s  i s  im por tan t  from t h e  n a t i o n a l  s t a n d p o i n t .
For example,  t a x e s  which a re  t r e a t e d  as c o s t s  in  a f i n a n c i a l  a n a l y s i s ,  
a r e  t r e a t e d  as t r a n s f e r s  and i t  i s  n o t  deducted from th e  o v e r a l l  g ro s s  
r e t u r n s .  Fur therm ore ,  s u b s i d i e s  may be t r e a t e d  as c o s t s ,  s imply  
because  t h e s e  r e p r e s e n t  r e a l  c o s t s  to  the  s o c i e t y .  T h e re fo re ,  an economic 
a n a l y s i s  i s  a f u r t h e r  s t e p  o f  a f i n a n c i a l  a n a l y s i s  which viewed a l l  
b e n e f i t s  and c o s t s  not  only  from a f i n a n c i a l  p o i n t  o f  view, bu t  more 
i m p o r t a n t l y  i n  terms o f  t h e i r  t r u e  economic v a lu e s  from th e  n a t i o n a l  
s t a n d p o i n t .
By c o n t r a s t i n g  th e  two an a ly se s  i t  i s  im por tan t  to no te  t h a t  a 
f i n a n c i a l l y  sound p r o j e c t  which would have th e  e f f e c t  o f  i n c r e a s i n g  
d i s p a r i t i e s  between r e g i o n s  o r  groups cannot  n e c e s s a r i l y  be c a l l e d  
j u s t i f i e d  from th e  s t a n d p o i n t  o f  t h e  g e n e ra l  i n t e r e s t  o f  the s o c i e t y .  
C onverse ly ,  a p r o j e c t  which i s  l e s s  f i n a n c i a l l y  p r o f i t a b l e ,  bu t  i s  
de s igned  t o  open up a poor r eg io n  and g ive  i t  a b e t t e r  chance o f  t a k i n g  
p a r t  in  the  g en e ra l  economic growth o f  t h e  c oun t ry  may be termed as 
j u s t i f i e d .
B e n e f i t s  o f  an i r r i g a t i o n  p r o j e c t  a r e ,  as  ment ioned e a r l i e r ,  d i r e c t  
b e n e f i t s  and i n d i r e c t  b e n e f i t s .  In p r i n c i p l e ,  c a l c u l a t i o n s  o f  
p r o f i t a b i l i t y  cannot  be concerned on ly  w i th  b e n e f i t s  o f  th e  f i r s t  t y p e .  
U n f o r t u n a t e l y ,  however, i n d i r e c t  b e n e f i t s  a r e  v e r y  d i f f i c u l t  to  measure 
e c o n o m ica l ly .  Any f a i l u r e  to  t a k e  account  o f  t h e s e  i n d i r e c t  b e n e f i t s  
would l e a d  t o  an incomple te  a n a l y s i s  and would be de tached  from r e a l  
s i t u a t i o n s .  T h e re fo re ,  an economic a n a l y s i s  w i l l  have t o  dea l  with  t h e
fo l l o w i n g  two d i s t i n c t  el ements  th rough  the  use o f  two a l t e r n a t i v e  
c r i t e r i a ,  namely the  i n t e r n a l  r a t e  o f  r e t u r n  or  b e n e f i t - c o s t  r a t i o :
(a)  measures of  d i r e c t  p r o f i t a b i l i t y ;
(b) measurement o f  i n d i r e c t  b e n e f i t s  which a r e ,  f o r  example,  
t h e  e f f e c t s  o f  a p r o j e c t  on land use p l a n n in g ,  s o c i a l  
c o n d i t i o n s  o f  th e  p e o p le ,  s t i m u l a t i o n  on o t h e r  s e c t o r s  
o f  p ro d u c t io n ,  e t c .
The purpose  o f  a l l  t h i s  i s  t o  a s c e r t a i n  th e  economic va lue  o f  a 
p r o j e c t  i n  terms o f  th e  r e a l  c o s t  o f  t h e  v a r io u s  f a c t o r s  o f  p r o d u c t i o n
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and th e  e f f e c t i v e  va lue  o f  t h e  d i s c o u n t e d  n e t  b e n e f i t s  f o r  t h e  whole 
d u r a t i o n  o f  th e  e n t i r e  l i f e  o f  t h e  p r o j e c t .
B e n e f i t - c o s t  a n a l y s i s  i s  undoubte d ly  t h e  most used  and t h e  most 
u s e f u l  form i n  the economic e v a l u a t i o n  o f  p r o j e c t s .  I t  c o n s i s t s  in  
comparing a l l  b e n e f i t s  o f  t h e  p r o j e c t  w i th  t h e  t o t a l  a d d i t i o n a l  c o s t  o f  
inves tm en t  du r ing  t h e  l i f e - t i m e  o f  t h e  p r o j e c t .  Taking i n t o  c o n s i d e r a t i o n  
t h e  t ime f a c t o r ,  the  two f lows o f  b e n e f i t s  and c o s t s  a re  d i s c o u n t e d  a t  
an a p p r o p r i a t e  d i s c o u n t  f a c t o r .  I t  i s ,  i n  f a c t ,  a r a t i o  o f  the  
d i s c o u n te d  sum of  b e n e f i t s  and c o s t s ,  and i f  th e  former i s  h ig h e r  than  
t h e  l a t t e r ,  t h e  p r o j e c t  i s  termed as  p r o f i t a b l e . *  A p r o j e c t  f o r  which 
t h i s  r a t i o  i s  g r e a t e r  th a n  one may, in  p r i n c i p l e ,  dese rve  t o  be c a r r i e d  
o u t .
The. i n t e r n a l  r a t e  o f  r e t u r n  i s  computed in  t h e  same way as th e  
b e n e f i t - c o s t  r a t i o ,  by d i s c o u n t i n g  t h e  two s tr eam s o f  b e n e f i t s  and 
c o s t s .  The r a t e  o f  d i s c o u n t  a t  which t h e  d i f f e r e n c e  between the  d i s co u n ted  
sum o f  b e n e f i t s  and c o s t  becomes zero  i s  e x a c t l y  th e  i n t e r n a l  r a t e  o f  
r e t u r n ;  which shows t h e  d i r e c t  r e t u r n  on c a p i t a l  i n v e s t e d .  This  r a t e  
may be compared wi th  bank loa ns  r a t e  needed to  c a r r y  out  the  p r o j e c t  or  
t h e  expec ted  r a t e  o f  growth o f  t h e  n a t i o n a l  income.**
In most deve lop ing  c o u n t r i e s ,  t h e r e  e x i s t s  s ev e re  d i s t o r t i o n s  in 
market  p r i c e s  on account  of  a d m in i s t e re d  p r i c e s ,  t a x e s ,  s u b s i d i e s ,  e t c .  
T h e r e f o re ,  i t  i s  im p o r t a n t ly  n e c e s s a ry  t o  per form economic a n a l y s i s  o f  
b e n e f i t s  and c o s t s  a t  shadow p r i c e s  r a t h e r  th a n  a f i n a n c i a l  a n a l y s i s  
a t  market  p r i c e s .  I t  i s  r e co g n ized  by l e a d in g  economis ts  concerned  in 
t h i s  r e s p e c t ,  t h a t  ad ju s tm en t  o f  market  p r i c e s  a r e  n e c e s s a ry  and should 
be adopted in  th e  e v a l u a t i o n  o f  i r r i g a t i o n  p r o j e c t s . * * *  The a n a l y s i s  o f  
p r o j e c t s  i n  te rms o f  a d j u s t e d  p r i c e s  i s  known as t h e  ' s o c i a l  b e n e f i t - 
co s t  a n a l y s i s ' ,  which i s ,  i n  f a c t ,  a f u r t h e r  s t e p  of  th e  c o n v en t io n a l  
b e n e f i t - c o s t  a n a l y s i s  w i th  market  v a l u e s .
* There a r e  s e v e r a l  p o s s i b l e  d i s c o u n t  r a t e s  such as t h e  bank r a t e ,  
t h e  r a t e  o f  i n t e r e s t  on s a v in g s ,  t h e  r a t e  o f  i n t e r e s t  on long- te rm  
bonds,  or  t h e  expec ted  r a t e  o f  growth o f  t h e  n a t i o n a l  economy.
The cho ice  o f  th e  r a t e  o f  d i s c o u n t  must r e f l e c t  the  s o c i a l  i n t e r e s t s  
and t ime p r e f e r e n c e  o f  t h e  economy".
** Useful  d i s c u s s i o n s  in t h i s  r e s p e c t  a r e  found i n  'Economic A n a ly s i s  
o f  A g r i c u l t u r a l  P r o j e c t s ' ,  J .  P r i c e  G i t t i n g e r ,  Johns  Hopkins 
U n i v e r s i t y  P r e s s ,  1972 and a l s o  i n  'Guide t o  the  Economic 
E v a lu a t io n  o f  I r r i g a t i o n  P r o j e c t s ' ,  Hellmuth Bergmann, OECD,
P a r i s ,  1973.
*** See f o r  example Bha t ia  and S inha  (1982) among many o t h e r s ,
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S o c ia l  b e n e f i t - c o s t  a n a l y s i s  has  developed  i n t o  an e f f e c t i v e  
a n a l y t i c a l  methodology f o r  p r o j e c t  e v a l u a t i o n .  In f a c t ,  t h e r e  a r e  
two main e v a l u a t i o n  p ro ced u res  which a r e  adopted by p o l i c y -m a k e r s .
They a r e  (a) t h e  UNIDO method+recommended by th e  Uni ted  Nations  and 
a s s o c i a t e d  o r g a n i z a t i o n s ,  and (b) t h e  OECD method s u g g es ted  by L i t t l e  
and M i r r l e e s .  These two main approaches  a r e  w ide ly  used in  the  e v a l u a t i o n  
o f  i r r i g a t i o n  p r o j e c t s  in  many deve lop ing  c o u n t r i e s .  There i s  s t i l l  
a n o t h e r  method fo l lowed  by t h e  World Bank known as  t h e  Squire-Van d e r  Tak 
approach .  In f a c t ,  t h i s  i s  a s l i g h t  v a r i a n t  of  t h e  L i t t l e  and M i r r l e e s  
m e thod . * 
D e ta i l e d  d i s c u s s i o n s  o f  t h e  two main approaches  may be found i n  a 
wide range  o f  l i t e r a t u r e . * *  The UNIDO method w ide ly  d i s c u s s e d  t h e  
v a r i o u s  o b j e c t i v e s  and t h e  r o l e  o f  p u b l i c  inves tm en t  i n  th e  r e a l i z a t i o n  
o f  such o b j e c t i v e s .  I t  s u g g e s t s  t h a t  a l l  measurements invo lved  i n  th e  
p r o j e c t  e v a l u a t i o n  should  be va lued  in  te rms  o f  p r e s e n t  a g g reg a te  
consumpt ion.  According to  t h e  G u i d e l i n e s ,  market  p r i c e s  a r e  c o n s id e r e d  
i n a p p r o p r i a t e  i n  t h e  r e f l e c t i o n  o f  s o c i a l  b e n e f i t s  and c o s t s .  For t h e  
t r u e  r e f l e c t i o n ,  goods and s e r v i c e s  a re  va lued  i n  terms o f  'shadow p r i c e s ' .  
The G u id e l in e s  d i v i d e  t h e  s e t  o f  shadow p r i c e s  i n t o  two c l a s s e s .  One 
c o n s i s t s  o f  p r i c e s  concerned  w i th  s p e c i f i c  commodit ies ,  which depend 
on t h e  a s sessm en t  of  t h e  p r o j e c t  e v a l u a t o r .  The otheT c o n s i s t s  o f
The l i t e r a t u r e  on s o c i a l  b e n e f i t  c o s t  a n a l y s i s  i s  a c u r r e n t  s u b j e c t  
deve loped  du r ing  t h e  l a s t  decade .  Widely d i s c u s s e d  b a s i c  t e x t s  a r e  
UNIDO G u id e l in e s  f o r  P r o j e c t  E v a lu a t io n  (1972),  Guide t o  P r a c t i c a l  
P r o j e c t  E v a l u a t i o n  (1978),  and t h e  OECD Manual by L i t t l e  and 
M i r r l e e s  (1968, 1974),  T h e o r e t i c a l  d i s c u s s i o n s  i n  d ep th  a re  a l s o  
done by Dasgupta and Pearce  (1972),  M arg l in  (1967),  Mishan (1971),  
Deepak Lai (1974),  and H arbe rge r  (1971),
A number o f  c o n t r i b u t i o n s  concerned  w i th  t h i s  l i t e r a t u r e  a re  a l s o  
made by Squire-Van  d e r  Tak (1972),  Bacha and Tay lo r  (1971),
A.K. Sen (1968, 1972, 1975),  Bruro (1972),  Beyer (1975),  Adle r  (1971),  
G i t t e i g e r  (1972) ,  Schohl (1979),  and Chopra (1979).
In  the  f i e l d  o f  i r r i g a t i o n  economics and economic e v a l u a t i o n  o f  
i r r i g a t i o n  p r o j e c t s ,  main c o n t r i b u t i o n s  a r e  made by Deepak Lai (1972) ,  
K r u t i l l a  and E c k s t e in  (1958),  Major (1969),  Rogers and Smith (1970) ,  
Smith (1975),  Bergmann and Boussard (1976),  Bruce and Kimaro (1978) ,  
Lenton (1979),  and Dhawan (1982),
* See ' C o s t -B e n e f i t  A n a l y s i s ' ,  Penguin Modern Economics Readings ,
e d i t e d  by Richard Layard and a l s o  'Economic A p p ra i s a l  o f  I r r i g a t i o n  
P r o j e c t s  in I n d i a ' ,  Basawar Sinha and Ramesh B h a t ia ,  I n s t i t u t e  o f  
Economic Growth, D e lh i ,  1982, Comparisons o f  t h e  two approaches  can 
a l s o  be found i n  'Methods o f  P r o j e c t  A n a ly s i s ,  A Review'  Deepak La i ,  
Johns  Hopkins U n i v e r s i t y  P r e s s ,  1974, and in  'Shadow Exchange Rates  
and Standard  Convers ion  F a c t o r s  in  P r o j e c t  E v a l u a t i o n ' ,  P e t e r  Warr,  
ADB Economic O f f i c e  Report S e r i e s ,  1982.
+ The manual p re p a re d  by Dasgupta,  M arg l in  and Sen on b e h a l f  o f  UNIDO
i s  sometimes re fe r re d  to as UNIDO manual.
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parameters concerned with the economy as a whole, which are to be used 
uniformly in all projects. The latter class, which consists of such 
prices like price of unskilled labour and value of foreign exchange, are 
among the national parameters. These parameters consist of a variety 
of national weights reflected by various goals of the government.
The approach to social benefit-cost analysis presented in the 
Guidelines consists in attempting to measure the inroact of the project 
on the economy. The net output or the value of benefits is measured 
by the willingness to pay by the consumer. If this adds to exports 
or substitutes for imports, the Guidelines procedure is to estimate 
the impact of the foreign exchange. Assumptions are made in the 
foreign exchange market, which imply that the value of foreign exchange 
is worth more than its nominal value. Benefits and costs of foreign 
exchange are converted by a shadow price of foreign exchange into units 
of aggregate consumption expressed in terms of domestic currency.
On the other hand, if an input is drawn from an alternative use 
which results in a decline available to the rest of the economy, it 
may be measured in terms of benefits foregone in alternative uses.
If it is not the case, then it is to be measured by the resource cost 
of increased production. If an input is imported or exported, the 
cost is measured by the sacrifice in foreign exchange involved or 
earned, later converted into shadow values by means of the shadow 
price of foreign exchange.
The UNIDO is not only concerned with the efficiency of the use of 
resources, it is also concerned with the inequities of income distribution 
that prevails in most developing countries. A major contribution of 
the Guidelines in the literature of economic evaluation of projects 
is its emphasis on investment decisions that stimulates the growth of 
the national economy.
The Little-Mirrlees method, on the other hand, divides the project 
components into three categories. They are:
(a) traded goods and services which can be exported 
or imported;
(b) non-traded goods and services; and,
(c) unskilled labour.
The Little-Mirrlees method suggests that if some of the demand for 
a commodity is satisfied from imports or some of the supply is exported, 
it is termed as a traded good. Other goods and services which do not
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fall under this category, are referred to as non-traded. The general 
rule is that the accounting price for an imported good is the total 
foreign exchange cost including any increase in the cost of existing 
purchases of increasing imports by one unit. In other words, the 
shadow price for an imported good is its marginal import cost. If an 
exported good is sold at a fixed border price in terms of foreign 
exchange excluding taxes, subsidies, etc., that price is regarded as 
the accounting price. The general rule for an exported good is that 
the accounting price is equal to the marginal export value. The OECD 
method is more appropriate for an open economy, where it uses world 
prices in valuation of goods and services. This is one of the most 
distinguishing features of this method.
In the case of non-traded goods, the marginal social cost and the 
marginal social benefit are considered in defining the accounting price. 
The marginal social cost is the value of the resources required to 
produce an extra unit of the commodity, in terms of accounting prices. 
The marginal social benefit is the benefit in terms of social values, 
derived from supplying to the economy an extra unit of the commodity.
To find the accounting price of a non-traded input, it is necessary 
to estimate the proportions in which extra demand for a unit of the 
commodity will increase production and reduce consumption elsewhere.
Then the accounting price will take into account both the marginal 
social cost and the marginal social benefit. For a non-traded good like 
unskilled labour, its shadow price or the shadow wage rate depends 
upon its opportunity cost, the industrial wage rate, and the shadow 
price of investment, which is a national paramenter.*
In both methods, shadow prices are used to evaluate unskilled 
labour, foreign exchange or other traded and non-traded goods . Over the 
estimated entire life of a project, benefits and costs are valued not 
only in terms of market prices but more importantly with shadow prices 
which are later discounted back to the present period by using an 
appropriate social rate of discount.
In fact, both methods were developed primarily for evaluation of
* For detailed discussions of the OECD method, see 'Project Appraisal 
and Planning for Developing Countries', I.M.D. Little and J .A.Mirrlees, 
1974.
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i n d u s t r i a l  p r o j e c t s ,  but  bo th  could  a l s o  s e rv e  as b a s i c  methodolog ies  
in  t h e  e v a l u a t i o n  o f  i r r i g a t i o n  p r o j e c t s .  Although t h e  two methods 
d i f f e r  on the  use  o f  num era i re ,  (UNIDO u s e s  ’Consumption U n i t s '  w h i le  
OECD u s e s  'F o re ig n  Exchange U n i t s ' )  the y  a r e  b a s i c a l l y  s i m i l a r .
F i r s t l y ,  bo th  methods r e a l i z e  t h e  f a c t  t h a t  market  p r i c e s  a re  
more o r  l e s s  d i s t o r t e d .  Thus,  b o th  o f  them recommended t h e  use  o f  
shadow p r i c e s  f o r  t h e  a p p r o p r i a t e  measurement o f  s o c i a l  b e n e f i t s  and 
c o s t s .  Secondly ,  b o th  co n s id e re d  t h e  ne t  p r e s e n t  v a l u e  as th e  b e s t  
c r i t e r i o n  f o r  economic judgements .
On the  o t h e r  hand,  t h e r e  a r e  a l s o  d i f f e r e n c e s .  The numera ire  f o r  
UNIDO p rocedures  i s  ag g re g a te  consumpt ion and a l l  b e n e f i t s  and c o s t s
a r e  measured in terms o f  domest ic  p r i c e s  w hi le  t h e  numera ire  f o r  OECD 
p r o c e d u re s  i s  sav ings^and b e n e f i t s  and c o s t s  a re  measured in  terms of  
f o r e i g n  b o rd e r  p r i c e s .
In  b o th  approaches ,  t r a d e d  goods p l a y  an im p o r tan t  r o l e  in  
d e te rm in ing  t h e  e v a l u a t i o n  o f  a p r o j e c t .  The UNIDO c o n s id e re d  i t  i s  
im p o r ta n t  to  e s t i m a t e  th e  f o r e i g n  exchange in f low s  and ou t f low s  and th e  
same a r e  va lued  with  b o r d e r  p r i c e s ,  along  w i th  t h e  shadow p r i c e  o f  f o r e i g n  
exchange.  As mentioned b e f o r e ,  i n  t h e  ca s e  o f  t r a d e d  goods,  t h e  OECD 
re g a rd e d  th e  marg ina l  import  c o s t s  as  t h e  shadow p r i c e  o f  import  and 
the  m a rg ina l  expor t  revenue as t h e  shadow p r i c e  o f  e x p o r t .
The main d i f f e r e n c e s  can be e x p re s s ed  i n  te rms o f  d i f f e r e n c e s  in  
judgements  o f  economic c o n s t r a i n t s  and th e  r o l e  i n  which p la n n in g  
a g e n c i e s  p la y  in  i n f l u e n c i n g  economic p o l i c i e s ,  e s p e c i a l l y  t h o s e  o f  
t r a d e  and t a r i f f  p o l i c i e s .  In  t h i s  r e s p e c t ,  th e  UNIDO seems to  be more 
r e a l i s t i c  i n  assuming t h a t  i n  many deve lop ing  c o u n t r i e s  t h e r e  a re  
seve re  d i s t o r i t i o n s  in  p r i c e s  and o t h e r  economic a c t i v i t i e s .  I t  a l s o  
argued  t h a t  a p l a n n e r  o r  a p r o j e c t  e v a l u a t o r  may n o t  be in  a p o s i t i o n  
to  c o n t r o l  o r  remove seve re  d i s t o r t i o n s  o r  o t h e r  r e s t r i c t i o n s .  In  t h i s  
conce rn ,  t h e  L i t t l e - M i r r l e e s  method assumes t h a t  the  p r o j e c t  e v a l u a t o r  
i s  in  a p o s i t i o n  to  s u g g e s t  changes i n  th e  p o l i c i e s  and r e s t r i c t i o n s .
In  an e v a l u a t i o n  o f  an i r r i g a t i o n  p r o j e c t  o r  any o t h e r  kind o f  
p r o j e c t ,  t h e  a p p r o p r i a t e  method to  be used  would depend c r u c i a l l y  on 
t h e  n a t u r e  o f  t h e  r e s t r i c t i o n s  in  t h e  economy and th e  c a p a b i l i t y  o f  t h e  
p l a n n e r  i n  a p o s i t i o n  t o  a d j u s t  p o l i c i e s  and r e s t r i c t i o n s .  In most 
deve lo p in g  c o u n t r i e s  where market  p r i c e s  a r e  more o r  l e s s  d i s t o r t e d  and
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where a d m in i s t e re d  p r i c e s  p la y  an im p o r ta n t  r o l e  in  th e  economies,  the  
UNIDO i s  l i k e l y  to  be a more r e a l i s t i c  and a p p r o p r i a t e  one.  The UNIDO 
G u id e l in e s  has s e t  up f i v e  s t a g e s  in  p r o j e c t  a p p r a i s a l s ,  namely,
(a) C a l c u l a t i o n  of  f i n a n c i a l  p r o f i t a b i l i t y  a t  market p r i c e s  
where i t  d e s c r i b e s  t h e  d i s c o u n t e d  cash f low a n a l y s i s  o f  
t h e  r a t e  o f  r e t u r n  on th e  r e s o u r c e s  in vo lved  i n  t h e  
p r o j e c t  over  i t s  l i f e t i m e  when a l l  i n p u t s  and o u tp u t s  
a r e  va lued  a t  market  p r i c e s ;
(b) Shadow p r i c i n g  o f  r e s o u r c e s  to  o b t a i n  the  ne t  b e n e f i t  
a t  economic p r i c e s ,  where t h e  market  p r i c e s  a r e  
r e p l a c e d  by shadow p r i c e s  based  on o p p o r t u n i t y  c o s t s  
o r  economic p r i c e s ;
(c) Adjustment f o r  t h e  p r o j e c t ’ s impact on s a v ings  and 
inves tm en t ,  where t h e  ne t  e f f e c t  of  t h e  p r o j e c t  on 
t o t a l  s a v ings  and inves tm en t  i s  q u a n t i f i e d  and rev a lu e d  
by the  shadow p r i c e  o f  in v e s tm e n t ;
(d) Adjustment f o r  t h e  p r o j e c t ' s  impact  on income 
d i s t r i b u t i o n ,  where t h e  income flows a r i s i n g  from 
t h e  p r o j e c t  a re  i d e n t i f i e d  and income weigh ts  or  
shadow p r i c e s  a re  p l a c e d  on t h e  incomes going to  
d i f f e r e n t  groups ;
(e) Adjustment f o r  t h e  p r o j e c t ' s  p ro d u c t i o n  o r  use  o f  
goods such as luxury  consumer goods and b a s i c  needs 
where s o c i a l  v a l u e s  a r e  l e s s  than  o r  g r e a t e r  th a n  
t h e i r  economic v a l u e s .
In t h e  f i r s t  s t a g e ,  a f i n a n c i a l  a n a l y s i s  u s ing  market  p r i c e s  should  
be done b e fo rehand ,  i . e .  b e f o r e  an economic e v a l u a t i o n  i s  made. Since  
market  p r i c e s  a r e  b e l i e v e d  t o  be d i s t o r t e d ,  an economic b e n e f i t - c o s t  
a n a l y s i s  i s  u s u a l l y  done in  a s o c i a l  c o n t e x t  where b e n e f i t s  and c o s t s  
a r e  a s s ig n e d  t h e i r  e f f i c i e n c y  shadow p r i c e s .  The n e c e s s a ry  shadow 
p r i c e s  could  be d e r iv e d  from a m a them at ica l  model or  an i n p u t - o u t p u t  
model o f  the  economy. Major r e s o u r c e s  where t h e r e  i s  a need f o r  
shadow p r i c i n g  a re ;
(1) main o u tp u t s  which a r e  o f t e n  s o ld  a t  f i x e d  p r i c e s ;
(2) im p o r tab le  in p u t s  which may be d o m e s t i c a l l y  produced
o r  may be impor ted  a t  h igh  s u b s t a n t i a l  p r o t e c t i o n  r a t e s ;
(3) major non-imported  m a t e r i a l  i n p u t s ;  and,
(4) u n s k i l l e d  lab o u r .
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The UNIDO uses aggregate consumption units in terms of domestic 
currency as the numeraire. The major difference between the two approaches 
in principle is the difference in numeraires. The UNIDO uses present 
consumption as the numeraire and put a premium on savings while as the 
Little-Mirrlees method uses current savings as the numeraire and 
penalizes consumption.
For the UNIDO approach, the foreign exchange impact of the project 
must be identified in such a way that the net present value may be 
adjusted by an appropriate premium, assuming that foreign exchange is 
more valuable than indicated by the official exchange rate. This 
procedure will increase those values measured in border prices by the 
percentage premium on foreign exchange, which roughly indicates the 
level of protection in the economy. The premium to be attached to 
foreign exchange is important. The UNIDO uses a foreign exchange shadow 
price based on marginal social values as revealed by the consumer's 
willingness to pay in the form of imported goods.
One of the most common distortions in the literature of economic 
evaluation of projects is in the labour markets of labour surplus 
economies. The distortion is such that the wage rate does not equal 
the social opportunity cost of labour in the economy. There are two 
distinct components identified in the social opportunity cost of labour 
in labour surplus situations. The first is the output foregone elsewhere 
in the economy, as a result of employing labour in the project. The 
second is the cost in terms of increased aggregate consumption as a 
result of more labour employed by the project. It is assumed that labour 
consumes' most of its income. If present consumption is socially less 
valuable than current savings, any increase in aggregate consumption 
will not be as valuable as the equivalent amount of savings. This 
factor will be reflected in the measurement of the social opportunity 
cost of labour.*
If labour is drawn from alternative employment, the shadow price 
or the shadow wage rate will be the willingness of other users to pay 
for this labour. If labour is newly employed, the shadow wage rate is 
normally zero, since the society gives up nothing to gain an additional 
unit of labour.
* Numerical examples could be found in 'Methods of Project Analysis, 
A Review', Deepak Lai, Johns Hopkins University Press, Baltimore 
and London.
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The UNIDO suggests that for a social benefit-cost analysis of an 
irrigation project, the project evaluator would need the national 
parameters, namely:
(a) social rate of discount;
(b) shadow price of investment;
(c) shadow price of labour;
(d) shadow price of foreign exchange; and,
(e) income distribution weights.
These parameters include the relative weights on the relevant 
objectives of economic development. They are, in general, independent 
of decisions taken at the project level. The calculation is assigned 
to the national level of the planning process.
These national parameters could be derived from a national plan, 
where they are set by those at the top-level planning process. In this 
way, national parameters involve value judgements in an explicit, 
quantitative fashion. Because they are simply quantifications of value 
judgements such as weights on objectives and the social rate of 
discount, they are treated as unknowns of the problem of project 
formulation and evaluation. These parameters whose magnitudes depend 
also on observable factors of economic development such as shadow price 
of investment and the shadow wage rate may be treated as functions of 
the unknown weights.
Therefore, the derivation of these parameters are the responsibility 
of those involved in the central planning organizations. For the 
derivation of the social rate of discount, it is assumed that benefits 
and costs which occur in the future are less valuable than present 
benefits and costs, where per capita consumption is expected to rise 
in the future. The appropriate measure of the aggregate consumption 
attributable to investment is a weighted sum of present and future 
benefits and costs of a project. The parameter which is used to discount 
the benefits or cost stream to the present is the social rate of discount.
Similarly, a shadow price of investment could also be derived at 
the national level. The shadow price or the social value of investment 
is, in fact, the net present value of the aggregate consumption stream 
resulting directly and indirectly from a unit of marginal investment.
In a single model where there is no reinvestment of benefits and where 
there are only direct benefits considered, the shadow price of investment 
depends on capital productivity and the social rate of return. In a
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more realistic model, a re-investment of benefits and the indirect 
effects must be taken into account. In this sense, the shadow price of 
investment is also determined by the marginal propensity to save.*
* Theoretical aspects of the UNIDO, including the derivation of the 
national parameters, are discussed in depth in ’Guidelines for 
Project Evaluation', Project Formulation and Evaluation Series, 
No. 2, United Nations, 1972.
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CHAPTER 4
PROJECT WORKS AND WATER MANAGEMENT OF THE 
KYET-MAUK-TAUNG IRRIGATION PROJECT
4.1 General Description
Kyet-mauk-taung project lies in the arid zones of central Burma, 
in Kyaukpadaung township. The arid zone of central Burma is widely 
known as the Dry Zone Area, because of its scarcity of rainfall and 
water and also because of high temperate climates. Similar to other 
regions in the Dry Zone, Kyaukpadaung township in which the project lies 
has an annual average rainfall of 32.47 inches, which is insufficient 
to raise agricultural crops. Available slight rainfall there is mainly 
because of the famous volcano, Mt. Popa, which has a height of more 
than 4981 feet above sea level.
Serving like an oasis in the middle of a big semi-desert, Mt. Popa 
is one of the most beautiful natural scenery in the Dry Zone. From a 
bird's eye view, one can see streams and streamlets flowing down 
and around Mt. Popa. These streams have little or no water during the 
hot season, but in the rainy season the streams have full water flows, 
causing damage to villages, roads, bridges and even human lives. As 
there was no control over these water flows, little or no water was 
left for the farmers to grow any crops in the dry season.
The local inhabitants were extremely poor. Their main source of 
income was from jaggery made from palm trees, and to make situations 
worse, this one and only means of living caused deforestation in the 
area. Gradually, after many years, the climatic conditions changed 
as a sequence and the area was transformed into a semi-desert. That 
alarming situation had caused much anxiety to the government. It had 
been obvious for quite some time that serious actions were necessary 
to prevent deforestation and soil erosion in that area.
The government, realizing that the area could easily turn into a 
desert, prohibited the local people cutting any trees or bushes. With 
increased deforestation and soil erosion as the years went by, the local 
people were deprived of their customary source of income from making 
jaggery. Having no other facilities, the local people were confronted 
with difficulties of finding an alternative means of living.
Agriculture was impossible for nature's endowment of water supply was
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v e ry  p r e c a r i o u s  and i n s u f f i c i e n t  even f o r  domest ic  p u rp o s e s .
There were no i r r i g a t i o n  f a c i l i t i e s  i n  t h e  a r e a .  The e x i s t e n c e  
o f  two r i v e r s  i n  Kyaukpadaung town, i . e .  the  Taungz in  and Kyaukpon 
R ive rs  were r eg a rd ed  as a p o t e n t i a l  sou rce  o f  i r r i g a t i o n .  The wate rs  
o f  t h e s e  two r i v e r s  r an  i n t o  was te  and were not  t apped  f o r  a g r i c u l t u r a l  
use  to  any g r e a t  e x t e n t .
The w a te r  f lows i n  th e  two r i v e r s  were i r r e g u l a r ,  due t o  very 
l i t t l e  r a i n f a l l  i n  t h e  upper  ca tchm en ts .  Water  f o r  a g r i c u l t u r a l  use  
co u ld  on ly  be made a v a i l a b l e  by means o f  a s t o r a g e  system. I t  was t h e n  
t h a t  t h e  government dec id ed  to  b u i l d  a dam a c r o s s  t h e  two r i v e r s ,  j u s t  
above t h e i r  con f luence  to  form a s t o r a g e  r e s e r v o i r .
With s t o r e d  w a te r  supp ly ,  i t  was expec ted  t h a t  two good crops  o f  
d i v e r s i f i e d  c u l t i v a t i o n  could  be grown a n n u a l l y .  I t  was a n t i c i p a t e d  
t h a t  double c ropp ing  could be p o s s i b l e  on 30,000 a c r e s  where c o t t o n ,  
g roundnut ,  maize ,  sesamum, p a s t u r e s ,  o r c h a r d s  and v e g e t a b l e s  could  
be grown making a t o t a l  g r o s s  cropped a r e a  o f  52,000 a c r e s .  I t  was 
hoped t h a t  i t  would g r e a t l y  improve th e  economy of  t h e  a r e a  as  w ell  as  
p ro v id e  a means o f  l i v i n g  f o r  t h e  l o c a l  peop le  and th e re b y  enhance 
t h e i r  s t a n d a r d  o f  l i v i n g .
Kyet-mauk-taung dam i s  an a r t i f i c i a l  l a k e  having a w a te r  sp read  a re a  
o f  about  1800 a c r e s  and maximum dep th  o f  97 f e e t .  I t  encourages  t h e  
growth o f  v e g e t a t i o n  and a f f o r e s t a t i o n  i n  t h e  v i c i n i t y .  T h i s ,  in  t u r n ,  
a t t r a c t s  r a i n f a l l  which a s s i s t s  a g r e a t  d ea l  in  s o i l  c o n s e r v a t io n .
The r e s e r v o i r  a s s u r e s  adequa te  domest ic  w a te r  supp ly  f o r  t h o s e  v i l l a g e s  
i n  t h e  v i c i n i t y  where t h e  w a te r  problem i s  a c u t e .
The two r i v e r s ,  t h e  Taungzin w i th  52.24 square  m i le s  and the  
Kyaukpon w i th  86.74 square  m i le s  o f  ca tchments  a r e  t h e  main f e e d e r s  
o f  t h e  r e s e r v o i r .  Catchments o f  bo th  t h e  r i v e r s  a r e  l o c a t e d  on th e  
s lo p e s  o f  th e  e x t i n c t  v o lc an o ,  M t . Popa,  which i s  c h a r a c t e r i z e d  by 
s t e e p  g r a d i e n t s .
Gauging o b s e r v a t i o n s  on bo th  r i v e r s  had been made s in c e  1955.
Mean c o - e f f i c i e n t  of  r u n - o f f  as  de te rm ined  from t h e s e  o b s e r v a t i o n s  was 
0 .35 ,  which canno t  be c o n s id e re d  as too  h igh  i n  view o f  t h e  h igh  
s l o p i n e s s  o f  t h e  ca tchm en ts .  R un-o f f  o f  bo th  r i v e r s  was de te rmined  
by s tu d y in g  p r e c i p i t a t i o n  d a t a  from 1901 t o  1940; a p e r i o d  o f  40 y e a r s .  
The y e a r l y  f low o f  b o th  r i v e r s  i s  v e ry  e r r a t i c ,  th e  f low be ing  39.8 
thousand a c r e - f e e t  in  1907 and 195 thousand  a c r e - f e e t  i n  1908. The 
mean f low o f  bo th  r i v e r s  f o r  40 y e a r s  was 97 thousand  a c r e - f e e t .
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The reservoir is designed to have a full tank capacity of 73,100 
acre-feet, allowing 3,100 acre-feet of dead storage. This is the most 
convenient height for release of water from the reservoir into the main 
canals and the maximum utilization of the reservoir capacity. Investigations 
on sediment were not made. The two rivers carry a fair amount of sediment.
4.2 Historical Background
It was in 1929 when the colonial British Government first intended 
to build a dam across the two rivers. The main intention of the British 
was that by constructing a reservoir, government revenue could be gained 
by taxing the farmers and by fixing water charges. The British 
projected that farm taxes and water charges would not only cover the 
cost, but in future would also bring long-term revenue. The idea was, 
however, abandoned.
In 1952, the Burmese Government made plans for reforestation along 
with control and maintenance of the natural vegetation in the Mt. Popa 
area. A design for an irrigation dam was made, and the possible location 
for the dam site was foremostly surveyed by real Israeli experts who later 
reported that a dam could be constructed irrigating an area of more than 
30,000 acres. Further, in 1953 geological and engineering surveys 
were made by the Irrigation Department. By 1957, the Agricultural 
Rural Development Corporation with technical aid from Soviet experts, 
finished detailed surveys and finalized project designs.
The main objective was to fully utilize the water flows of the 
two rivers, for irrigation and agricultural purposes and domestic 
water consumption. The government also intended to redistribute the 
lands that were to be cultivated with irrigation water, thus leading to 
fair distribution of irrigated lands and also the enhancement of socio­
economic conditions.
After all the necessary surveys and designs were made, the initial 
construction works started in 1961. In 1962, a mission was sent to 
the Soviet Union, for the government desired to have the project 
implemented more quickly and also to request financial aid. Though 
the delegation requested an outright gift of the foreign exchange 
component of the project, it was only possible to obtain a credit of 
3.5 million roubles. It was agreed that the credit would be repayable 
in a 12-year period at an interest rate of 2.5 per cent, and the 
repayment was to commence one year after completion of the project.
It was also agreed with the Soviets, that the project would be completed 
by the end of 1965.
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A d r a f t  was drawn in  which th e  c r e d i t  amounting to  Kyats 192.31 
l a k h s  was t o  be u t i l i z e d  as f o l low s :
M i l l i o n  Roubles Kyats (Lakhs)
1. Equipment 1 .40  76.92
2. M a t e r i a l s  1.64 90.11
3.  Russ ian  e x p e r t s  0.33 20.88
4. Design o f  cana l  systems 0 .68  4 .40
3.50  192.31
An agreement was a l s o  made f o r  t h e  employment o f  18 Russ ian  e x p e r t s  
and f i v e  i n t e r p r e t e r s .  A f t e r  t h e  m i s s io n  had r e t u r n e d  to  Burma, th e  
agreement t h e  c r e d i t  f o r  equipment,  m a t e r i a l s ,  Russ ian  e x p e r t s ,  and 
d e s i g n  o f  cana l  system was a c c e p te d ,  bu t  t h e  number o f  e x p e r t s  was l a t e r  
ag reed  to  be reduced .
F u r t h e r ,  i t  was co n s id e re d  no t  t o  r u s h  th e  p r o j e c t  bu t  t o  phase 
i t  f o r  com ple t ion  w i th in  f i v e  y e a r s .  A f i n a n c i a l  p l a n  was drawn f o r  
annual  e x p e n d i tu r e s  o f  t o t a l  l o c a l  and f o r e i g n  exchange requ i rem en t  
f o r  t h e  im plem en ta t ion  o f  t h e  p r o j e c t  and t h e  pu rchase  o f  mechan ical  
equ ipm en t .
4 .3  G eo log ica l  and H ydrogeo log ica l  F a c t o r s
Kyet-mauk-taung dam s i t e  l i e s  a t  25°15'  East  lo n g i tu d e  and 20°48'  
Nor th  l a t i t u d e  a t  a d i s t a n c e  o f  e i g h t  m i le s  sou th  o f  th e  e x t i n c t  vo lcano ,  
Mt. Popa. Mt. Popa r e g i o n  g e o l o g i c a l l y  forms t h e  l a r g e s t  and s o u t h e r n ­
most o f  t h e  group o f  Lower Chindwin vo lcanos  which were a c t i v e  i n  
t e r t i a r y  and l a t e  t e r t i a r y  p e r i o d . *
S ou thea s t  o f  Mt. Popa i n  t h e  r e g io n  o f  Kyet-mauk- taung,  t h e r e  a r e  
r i d g e s  o f  low h i l l s  composed o f  a n d e s i t e  and a s s o c i a t e d  t u f f s  which by 
g e o l o g i c a l  s t r u c t u r e  o f  t e r r a i n  are  o l d e r  t h a n  the  rocks  o f  Mt. Popa.
I t  i s  s t a t e d  in  g e o l o g i c a l  l i t e r a t u r e  t h a t  fo rm er ly  i t  had been a 
s e p a r a t e  r e g io n  o f  v o l c a n i c  a c t i v i t y .
The fo u n d a t io n  o f  th e  damwas made up o f  v a r i o u s  a l l u v i a l  d e p o s i t s ,  
s ands ,  loams and sandy loams. The l o c a t i o n  o f  t h e  dam s i t e  seemed to  
be t h e  on ly  a v a i l a b l e  s i t e  f o r  t h e  meet ing o f  t h e  two r i v e r s  and t h e r e  
were no a l t e r n a t i v e  s i t e s  a v a i l a b l e  i n  t h e  l o c a l i t y .
O b se rv a t io n s  made on dam s i t e  and a long  dam a x i s  f a i l e d  t o  r e v e a l  
any t e c t o n i c  s h i f t s ,  d i s l o c a t i o n s ,  d i s p la c e m e n ts  and e x t e n s i v e  j o i n t i n g  
o f  r o c k s .  D i s l o c a t i o n  o f  bedrocks  on dam s i t e  was s l i g h t  and showed
* The t e r t i a r y  p e r io d  in  Geology l i t e r a t u r e  i s  t h e  t h i r d  p e r io d  
i n  t h e  fo rm a t io n  of  r o c k s .
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v a r i o u s  d eg ree s  o f  j o i n t i n g  and w e a th e r in g  m a in ly  in  upper  l a y e r s .  These 
j o i n t s  o f  rocks  were f i l l e d  w i th  secondary  fo r m a t io n s .  Thus t h e  dam s i t e  
was found to  be a c c e p t a b l e  f o r  c o n s t r u c t i o n  o f  an e a r t h e n  dam. On th e  
dam s i t e  s e c t i o n  west o f  Taungz in  r i v e r ,  t h e r e  were bedrocks  which cou ld  
se rve  as a r e l i a b l e  fo u n d a t io n  f o r  th e  dam. S e i s m i c i t y  o f  t h e  r e g io n  
was i n v e s t i g a t e d  to  a v e ry  smal l  e x t e n t .  In fo rm a t io n  o b ta in ed  from th e  
G eo log ica l  Department o f  Burma showed t h a t  t h e  r e g i o n  has a magnitude 
o f  e a r t h q u a t e  i n t e n s i t y  ( e ig h t )  by R o s s i - F a r r e l  s c a l e .  G e o lo g i c a l l y ,  
t h e  r e s e r v o i r  b a s i n  i s  composed o f  v o l c a n i c  d e t r i t a l  and a l lu v iam  s o i l  
made up o f  s a n d -c l a y  and a l s o  e rup te d  r o c k s .
Kyet-mauk-taung a r e a  i s  v e ry  dry ,  hav ing  an average  annual  r a i n f a l l  
l e s s  t h a n  33 in c h e s .  Because o f  l i t t l e  r a i n ,  t h e  t e m p e ra tu r e  i s  a l s o  
very  h ig h  w i th  33.9°C as maximum and 21.3°C as  minimum, and annual  
h u m id i ty  i s  r eco rded  as 67 p e r  c e n t .  The Dry Zone a r e a  o f  Burma has 
t h e  h i g h e s t  t e m p e ra tu r e .  Although  i t  i s  in  the  middle  o f  t h e  Dry Zone, 
Kyet-mauk-taung a r e a  has a f a i r l y  cool c l im a t e  i n  ho t  seasons  because  
o f  M t . Popa. The a r e a  has  a l s o  a r e l a t i v e l y  h ig h e r  annual  r a i n f a l l  
compared w i th  ne ighbour ing  a r e a s .
Catchments o f  the  two r i v e r s  a r e  h e a v i l y  cu t  and dismembered by 
modern hydrograph ic  network having a t y p i c a l  mountainous c h a r a c t e r  
w i th  s h o r t  p e r io d s  o f  w a te r  f low. The two r i v e r s ,  which a r e  fed  by t h e i r  
numerous t r i b u t a r i e s  and be ing  mos t ly  deep f o r  ground w a te r s  due to  
ground wate r  f e e d in g ,  c a r r i e d  i n c o n s i d e r a b l e  f low almost  a l l  y ea r  round.  
But in  some dry  y e a r s  th e  s u r f a c e  w a te r  f lows become c o m p le te ly  n i l ,  
and t h e  r i v e r s  c a r r y  a very  smal l  underground w a te r  f low. During t h e  
h y d ro g e o lo g ic a l  su rvey ing  p e r i o d s ,  g e o l o g i c a l  and h y d ro g e o lo g ic a l  
c h a r a c t e r i s t i c s  showed the  h y d r o - c e n t r e  s i t e  as v e ry  com pl ica ted ,  
though s u i t a b l e  f o r  c r e a t i o n  o f  a r e s e r v o i r .  Before th e  c o n s t r u c t i o n  
p e r i o d  began ,  i t  was r e p o r t e d  t h a t  t h e  s e l e c t e d  s i t e  was f e a s i b l e  and 
sound,  b o th  from e n g in e e r in g  and g e o l o g i c a l  p o i n t s  of  view.
4 .4  C o n s t r u c t io n  o f  th e  P r o j e c t
The c o n s t r u c t i o n  o f  Kyet-mauk-taung p r o j e c t  s t a r t e d  i n  1961-62.
I t  was planned t h a t  a f t e r  com ple t ion  t h e r e  would be two i r r i g a t i o n  
sy s tem s ,  i . e .  the  r i g h t  and the  l e f t  cana l  systems,  and e i g h t  v i l l a g e s  
on t h e  l e f t  c ana l  system and e leven  v i l l a g e s  on t h e  r i g h t  cana l  would 
have an i r r i g a b l e  a r e a  o f  9752 a c r e s  and 18,335 a c r e s  r e s p e c t i v e l y .
By 1961-62,  when a l l  the  n e c e s s a r y  g e o l o g i c a l  and e n g in e e r in g  
su rv ey s  were completed,  t h e  c o n s t r u c t i o n  o f  t h e  p r o j e c t  s t a r t e d  i n
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e a r n e s t .  The c o n s t r u c t i o n  o f  t h e  whole dam was d iv id e d  i n t o  p a r t s ,  
and i n  t h e  f i r s t  i n i t i a l  y e a r ,  p a r t  o f  th e  dam w i th  1,270 f e e t  i n  l e n g th  
and n in e  f e e t  in  h e i g h t  was completed.
In  1962-63,  t h e  second y e a r  o f  c o n s t r u c t i o n ,  a second p a r t  of  the  
dam w i th  2,450  f e e t  i n  l e n g th  and 44 .3  f e e t  in  h e i g h t  was p lanned  to  
be com ple ted ;  bu t  due to  some f a i l u r e s ,  t h e  dam reached  o n ly  27 f e e t  
i n  h e i g h t .  Base c l e a r i n g  o f  t h e  dam was a l s o  made in  t h a t  year  along 
w i th  t h e  c o n c r e t i n g  o f  th e  r e s e r v o i r  o u t l e t .
A twelve-member team o f  S o v ie t  e x p e r t s  a r r i v e d  i n  1963, in  accordance 
w i th  t h e  t e c h n i c a l  a i d  agreement.  By 1963-64 th e  second p a r t  o f  t h e  dam 
was com pleted and a l s o  t h e  c o n s t r u c t i o n  of  t h e  two cana l  systems s t a r t e d .  
The r e s e r v o i r  o u t l e t  was completed in  1964. A c o f f e r  dam was b u i l t  on 
Taungzin River  and as  a r e s u l t  t h e r e  appea red  a w a te r  s t o r a g e  a r e a  with  
30 f e e t  i n  h e i g h t  and 20 f e e t  i n  d e p th .  S o v ie t  mechan ical  equipment,  
which was p a r t  o f  th e  t e c h n i c a l  a i d ,  a r r i v e d  i n  1964.
In  1964-65,  c o n s t r u c t i o n  works such as e x c a v a t io n  f o r  r e s e r v o i r  
o u t l e t  w i th  tower  and o u t l e t  in to  the  l e f t  c a n a l ,  c o n c r e t i n g  o f  
r e s e r v o i r  o u t l e t  to w er ,  c o n c r e t i n g  o f  s t i l l i n g  pool  with  o u t l e t  i n t o  
th e  l e f t  c a n a l  were completed.  In  t h e  same y e a r ,  t h e  g a t e  f o r  t h e  w ate r  
f low was i n s t a l l e d ,  and a l s o  th e  e a r t h  f i l l i n g  on t h e  Taungzin  R ive r  
reac h ed  a h e i g h t  o f  55 f e e t .  F u r t h e r ,  a c o f f e r  dam was b u i l t  on 
Kyaukpon River  w i th  a h e ig h t  o f  48 f e e t .
The y e a r s  1965-66 and 1966-67 were th e  f i n a l  y ea r s  o f  c o n s t r u c t i o n .
To complete  t h e  p r o j e c t  on s c h e d u le ,  manpower, m a t e r i a l  and equipment 
were used  i n  f u l l  s t r e n g t h  du r ing  t h e  f i n a l  y e a r s .
The main c o n s t r u c t i o n  work was t h e  e r e c t i o n  o f  an e a r t h e n  dam. An 
escape  f o r  exce ss  w a te r ,  an aqueduc t ,  a b r id g e  and a can a l  from s t i l l i n g  
pool  t o  aqueduc t  were a l s o  c o n s t r u c t e d .  The c o n s t r u c t i o n  p e r i o d  was 
from 1961-62 t o  1966-67.  The p r o j e c t  was com p le te ly  c o n s t r u c t e d  in  
June ,  1967. In  b u i l d i n g  t h i s  p r o j e c t ,  146 c i v i l  e n g i n e e r s ,  10 mechanical  
e n g i n e e r s ,  43 mechan ic s ,  315 machine d r i v e r s  and w orkers ,  and a t o t a l  o f  
2704 masonry w o rk e r s ,  c a r p e n t e r s  and manual l a b o u r e r s  were invo lved .
4 .5  Some S a l i e n t  F e a t u re s  o f  t h e  Dam
The dam i s  s i t u a t e d  above t h e  c o n j u n c t io n  o f  two r i v e r s ,  t h e  Kyaukpon 
and Taungz in .  The dam i s  a r o l l e d  e a r t h - f i l l e d  one,  having a maximum 
h e i g h t  o f  112.5 f e e t  a t  t h e  d eep e s t  s e c t i o n  and a t o t a l  l e n g th  o f  8,500 
f e e t .  I t  has a c r e s t  wid th  o f  32 f e e t .
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The reservoir outlet discharge was calculated to provide one cubic 
foot per second of water per 57 acres of irrigated area. This amount 
allows a coefficient of efficiency of the irrigation system of 0.55 to 
give an average of 2 inches of water to 30,000 acres of cropped area 
every 10 days.
The escape is built to discharge 48,000 cusecs. As it is expected 
that this escape will function to full capacity perhaps once in 200 years, 
it has been very cheaply constructed and no elaborate and costly 
protective works have been made.
Statistics of the dam are given below:
1. Catchment area
(a) Taungzin River - 52.24 sq. miles
(b) Kyaukpon River - 86.74 sq. miles
2. Average annual discharge runoff
3. Dead storage
4. Effective storage
5. Capacity at full tank level
6. Water spread at full tank level
7. Crest level of dam from mean
sea level
9. Maximum height of dam
10. Crest width of dam
11. Number of dams
12. Length of dam
13. Type of dam
14. Type of spillway
15. Length of spillway
16. Discharge capacity
17. Length of reinforced pipe
18. Discharge capacity
19. Height of control tower
20. Gate
138.98 sq. miles
97.000 acre feet 
3,100 acre feet
70.000 acre feet
73.000 acre feet 
1,800 acres
950.5 feet
112.5 feet 
32.0 feet
3 dams 
8,500 feet
homogenous earth filled 
flush type
1,580 feet 
48,000 cusecs 
434 feet 
520 cusecs 
80 feet
radial gate (hydraulic)
4.6 Water Management and Distribution Systems
The irrigation system of Kyet-mauk-taung is mainly in two categories, 
i.e. direct canal system with suitable structures and drainage where 
necessary and contour canal system with less structures.
The irrigation network is divided into the left side and the right 
side canal. The left and right canal systems have a length of 7.0 miles
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and 12.00 m i le s  r e s p e c t i v e l y .  Also t h e r e  a re  d i s t r i b u t a r i e s ,  minors ,  
f i e l d  channe ls  and o t h e r  i r r i g a t i o n  s t r u c t u r e s  on bo th  t h e  sys tems .
On t h e  farms,  t h e  farmers  a r e  i n s t r u c t e d  t o  d ig  t h e i r  own f i e l d  channels  
in  such a way t h a t  i r r i g a t i o n  w ate r  can re a c h  t h e i r  f i e l d s  s y s t e m a t i c a l l y  
w i thou t  much w a te r  l o s s .
The d i s c h a r g e  c a p a c i t y  o f  t h e  l e f t  cana l  i s  182 cusecs  w h i le  th e  
longe r  r i g h t  main cana l  has a h ig h e r  d i s c h a r g e  c a p a c i t y  o f  384 c u s e c s .  
With t h i s ,  t h e  l e f t  and r i g h t  cana l  systems have an i r r i g a b l e  a r e a  o f  
9 ,010  a c r e s  and 20,776 a c r e s  r e s p e c t i v e l y .
At p l a c e s  where t h e  minors and d i s t r i b u t a r i e s  d i v e r t  from th e  l e f t  
and r i g h t  main c a n a l s ,  wa tch-houses  a r e  b u i l t  t o  s u p e r v i s e  th e  f low of  
w a te r .  These s e rv e  as w a te r  gauge s t a t i o n s .  There a r e  a l s o  head 
r e g u l a t o r s ,  checks,  c r o s s i n g s ,  o u t l e t s ,  d r a i n a g e s ,  supe r  p a s s a g e s ,  
i n v e r t e d  syphons and aqueduc ts  b u i l t  on b o th  t h e  systems.
S t a t i s t i c s  o f  t h e  d i s t r i b u t i o n
1. Name o f  Canal No.
(a) Main c an a l  1
(b) D i s t r i b u t a r i e s  5
(c) Minors 8
(d) F i e l d  ch an n e ls  176
(e) S t r u c t u r e s  125
2. D ischarge  c a p a c i t y :
Lef t  main c an a l  
Right  main cana l
3. I r r i g a b l e  a r e a :
Lef t  system 
Right  system 
T o ta l
system a r e :
Lef t System No. Right  System
Mile Kilo Mile Kilo
7 .0 11.26 1 12.0 19.30
11.19 18.02 4 28.25 45.53
12.20 19.62 18 20.26 32.66
40.42 65.00 123 109.57 176.35
205
182 cusecs  
384 cusecs
9010 a c r e s  (3646 h e c t a r e s )  
20776 a c r e s  (8404 h e c t a r e s )  
29786 a c r e s
I r r i g a t i o n  w a te r  from t h e  c a n a l s  have been used bo th  f o r  i r r i g a t i o n  
and domestic  use .  Wi thin the  i r r i g a b l e  a r e a  t h e r e  a r e  e i g h t  v i l l a g e s  
ly i n g  on th e  l e f t  cana l  system and e l e v e n  v i l l a g e s  on th e  r i g h t  cana l  
system. A l t o g e t h e r  t h e r e  a re  n in e  v i l l a g e s  which had been  removed from 
t h e  catchment a r e a .  P lac es  f o r  r e s e t t l e m e n t  and r e h a b i l i t a t i o n  o f  t h e s e  
v i l l a g e s  had been p lanned  long b e f o r e  t h e  c o n s t r u c t i o n  o f  t h e  dam.
These v i l l a g e s  have been g r e a t l y  b e n e f i t t e d  from the  two i r r i g a t i o n  
sys tems .  O u ts ide  t h e  v i l l a g e s  and n e a r  t h e  main c a n a l s ,  t h e r e  a r e  ponds
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dug by the villagers themselves, where waters from the canals flow into 
these ponds through concrete water courses. This use of water for 
domestic purposes is strictly controlled by the authorities. The whole 
irrigation network has the following account of structures:
No. Name of Structure Right Canal Left Canal
1. Head regulator 19 10
2. Check 121 61
3. Outlet (emergency) 1 1
4. Drainage 47 39
5. Super passage 1 1
6. Inverted syphons 10 2
7. Aqueduct 4 -
8. Railway crossing 1 1
As for water management, there is one executive engineer whose 
responsibility it is to take full charge and authoritative control over 
the whole irrigation system. A water distribution committee is formed 
in the Township People’s Council,* where the executive engineer acts 
as secretary. Two assistant engineers, one each for the left and right 
canal system, served under the administrative body headed by the 
executive engineer. Their duties are water management, control and 
maintenance of the two canals. To enable canal inspections more 
conveniently, motor roads are built alongside the two main canals.
Maintenance of the irrigation canals is one of the most important 
works for an irrigation engineer. Maintenance of the two canals is 
performed by two groups, i.e. the maintenance group numbering about 
82 people whose duties are to perform all maintenance works the year 
round and another group known as the 'wet weather gang' with the same 
number of people who perform maintenance works only during the rainy 
season.
Maintenance works are mostly the berm-cutting of the canals, 
clearing of canal beds, and also maintenance of all irrigation structures. 
These works are generally divided into special repairs and ordinary 
repairs. Most of the canal berms are often damaged by water flows and 
it is most important that these damages be repaired annually.
* The Burmese system has Township People's Council formed in every 
township for administrative and political purposes.
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4.7 The Present Status of the Project
The present status of the project area, contrasting with the pre-project 
conditions, represents a completely different picture. It must be said 
that there existed hardly any agriculture before the project. Today, 
with sufficient water supply available from the storage dam, an 
intensive cropping pattern which involves cotton, rice, groundnut and 
sesamum is developed within the irrigated area.
Out of a total irrigable area of 50,000 acres, the net irrigated 
area is about 46,000 acres. Throughout the agricultural years from 
1968 to the present day, the matured acreage on an average basis is 
no more than 80 per cent of the total sown area. This failure of not 
achieving the full limits of irrigation is not due to any techno-problems 
or water management problems of the project. Part of the responsibility 
lies on some of the farmers who, for various reasons, are not in a 
position to accept any planned cropping pattern laid by the government.
In the project area, a collective management body is formed for the 
purpose of water management, whose duties are to supervise the 
distribution of irrigation water and to exercise control over areas 
where planned crops are sown. On the other hand, the government has 
also introduced state and co-operative farms and though it was done on 
a trial basis which represents a small-scale, it has proved to be 
successful.
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CHAPTER 5
MEASUREMENT OF PROJECT COSTS AND TECHNICAL 
ASPECTS OF THE PROJECT
I t  i s  a wel l -known f a c t ,  and n o t  n e c e s s a r i l y  to  t h e  d i s c r e d i t  o f  
t h o s e  who a r e  i n  c h a rg e  o f  t h e  p r o j e c t ,  t h a t  c o s t  e s t i m a t e s  o f t e n  
d i v e r g e  from a c t u a l  c o s t s .  What i s  i m p o r t a n t  i s  t o  f i n d  ou t  where 
a c t u a l  c o s t s  d i v e r g e  from e s t i m a t e d  c o s t s  and t h e  r e a s o n s  f o r  t h e  
d i v e r g e n c e  i n  o r d e r  t h a t  b e t t e r  e s t i m a t e s  may be  made i n  t h e  f u t u r e .  
Hence, i n  what  f o l l o w s  an a c c o u n t  o f  t h e  d e r i v a t i o n  o f  e s t i m a t e d  c o s t s  
w i l l  f i r s t  be g i v e n ,  and t h e n  t h e y  w i l l  be  compared w i t h  t h e  a c t u a l  
c o s t s  i n c u r r e d .
5 .1  E s t i m a t e d  Cos ts
D e t a i l e d  e s t i m a t e d  c o s t s  were c a l c u l a t e d ,  b a s e d  upon d e t a i l e d  
d e s i g n s  and d raw ings  o f  t h e  v a r i o u s  s t r u c t u r e s  r e q u i r e d  p a r t i c u l a r l y  f o r  
t h e  dam and i t s  a n c i l l i a r y  works .  The r e q u i r e d  number o f  machine  s h i f t s ,  
m a t e r i a l  and l a b o u r  were a s c e r t a i n e d  and t h u s  d e t a i l s  o f  c o s t  e s t i m a t e s  
o f  m ach ine  s h i f t s ,  a b s t r a c t  o f  q u a n t i t i e s  and c o s t s  were c a l c u l a t e d .
I t  was a t  f i r s t  seen  t h a t  t h e  t o t a l  e s t i m a t e d  c o s t  o f  t h e  dam and i t s  
a p p u r t e n a n t  s t r u c t u r e s  worked ou t  t o  be  Ks 2 4 .3  m i l l i o n s . *
A b a s i c  co re  o f  e s s e n t i a l  d a t a  e s t i m a t e d  a t  t h e  p r o j e c t  l e v e l  i s  
p r e s e n t e d  i n  Tab le  5 .1  g i v e n  be low .  C o s t s  f o r  t h e  dam c o n s t r u c t i o n  was 
f a i r l y  a c c u r a t e l y  e s t i m a t e d ,  w h i l e  t h a t  o f  o t h e r  c o s t s ,  e s p e c i a l l y  
c o s t s  f o r  t h e  i r r i g a t i o n  c a n a l  n e tw o rk  c o u l d  o n l y  be c o n s i d e r e d  as  v e r y  
c r u d e  e s t i m a t e s .  The c o s t s  f o r  f o r e i g n  e x p e r t s  were c o n s i d e r e d  
n e c e s s a r y ,  and  i t  was a l r e a d y  e x p r e s s e d  i n  t h e  o r i g i n a l  p l a n  t o  employ 
a few key e x p e r t s  such  as  e n g i n e e r i n g  g e o l o g i s t s ,  d e s i g n i n g  e n g i n e e r s  
and s o i l  e x p e r t s .  A l l  e s t i m a t e d  c o s t s  were c a l c u l a t e d  o n l y  a f t e r  t h e  
n e c e s s a r y  n e g o t i a t i o n  w i th  t h e  S o v i e t  Union were made. The e l e m e n t s  o f  
t o t a l  e s t i m a t e d  c o s t s  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  t a b l e .
* Dur ing  t h e  e a r l y  1960s t h e  o f f i c i a l  exchange  r a t e  was t h a t  one U.S.
d o l l a r  was e qua l  to  5 . 0  K ya t s .  The exchange  r a t e  w i th  t h e  R u s s i a n
r o u b l e  was a l s o  e q u a l l y  c l o s e .  The c o s t  e s t i m a t e  i n c l u d e s  t h e
f o r e i g n  c o s t  component  c o n v e r t e d  i n t o  d o m e s t i c  c u r r e n c y
TABLE 5.1
Estimated Costs of the Project
Kyats (lakhs)
1. Earthen dam with protective works 130.0
2. Spillway 63.0
3. Conduit and outlet structures 9.0
4. Miscellaneous (bridges, construction camp,
aqueducts, etc.) 41.0
Total cost for dam 243.0
5. Foreign experts 12.0
6. Design and estimating of irrigation canal
system 4.0
7. Construction of irrigation canal system 45.0
Total cost for the entire Project 304.0
Source: Irrigation Department Headquarters, Rangoon.
The above data have been compiled and presented in an easy format.
It represents the costs of construction of the project works, though 
not divided to year and input, but summed over all the elements of the 
works. The above was estimated only when the Soviet loan and the 
investment funds which were to be borne by the Ministry of Agriculture 
were approved.
Besides the entire cost estimate, depreciation costs for the machines 
utilized were estimated at about Ks 25 lakhs. Machines and equipment, 
as well as construction materials of various kinds, accounted for a large 
part of the estimated cost of investment on both the storage and the 
regulation of water. Before the construction of the project, the 
Irrigation Department already had many of its own heavy earthmoving 
equipment; and these machines were planned to be utilized in the project. 
Some specialized and additional equipment, however, costing about 
Ks 69 lakhs in foreign exchange and clearance, etc., were required to be 
procured. As this equipment could also be used in other later projects, 
and as costs of depreciation had already been provided for in the cost 
estimate of the project, it was suggested that the expenditure on 
equipment should not be charged against the project.
Out of the 3.5 million roubles credit given by the USSR, an agreement 
was made that 1.4 million roubles would be spent on purchasing equipment,
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and 1.64 million roubles on materials. It was also agreed that all 
equipment and material purchased for the project would be Soviet made.
For the whole project, taking into consideration only actual 
operational costs, the estimated cost of Ks 304 lakhs was even planned 
to be reduced to Ks 279 lakhs. This was supposed to be the early 
estimation of costs. As the project was planned to be finished within 
five years, a general plan of annual expenditure of total local and 
foreign exchange requirement for the implementation of the project and 
the purchase of equipment was estimated as below:
TABLE 5.2
Annual Expenditure of Total Local and Foreign 
Exchange Requirements
Particulars 1st Year 2nd Year 3rd Year 4th Year 5th Year
F.E. Local F.E. Local F.E. Local F.E. Local F.E. Local
1. Dams and
Canals 1.5 11.9 25.8 36.1 32.2 49.5 25.0 54.0 18.0 38.0
2. Foreign 
Staff _ 4.0 2.7 4.0 2.7 4.0 2.7 - _
3. Local 
Staff 3.54 - 3.54 _ 3 .54 3.54 - 3.54
4. Equipment 1.5 0.5 75 .5 12.5 - - - - -
Total 3.0 15.94 105.3 54.84 36.2 55.84 29.0 60.14 18.0 41.54
The above data is recompiled and presented in a more convenient
format as follows :
F .E. Local Total
1. Dams and Canals 102.5 189.5 292.0
2. Foreign Staff 12.0 8.0 20.0
3. Local Staff - 17.7 17.7
4. Equipment 77.0 18.0 90.0
Total 191.5 228.2 419.7
Source: Irrigation Department Headquarters , Rangoon.
* Rouble costs were converted into local currency (Kyats) at the 
exchange rate of Ks 5.29 = 1 rouble.
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This was actually the second estimate of the entire project costs. 
Obviously, it will be seen that the above estimates exceeded the initial 
estimate of Ks 304.0 lakhs by Ks 115 lakhs. However, a closer examination 
reveals that this difference is largely due to the inclusion of local 
costs for foreign staff and equipment of 8 lakhs and 90 lakhs respectively, 
in the latter estimate. Estimated details of additional equipment 
required were as follows:
TABLE 5.3
Estimated Cost of Additional Equipment
Particulars Quantity
(c.i.f.)
Estimated Cost 
(Ks. lakhs)
1. Excavators (1.3 cu. yds.) 7 14.56
2 . Bulldozers (80 h.p.) 6 3.96
3. Tractors (80 h.p.) 4 2.64
4. Motor rollers (10 T) 5 1.46
5. Compressors (8 cu. yds./min.) 10 1 .67
6. Tippers (5 Ton) 70 22.96
7. Tippers (2.5 Ton) 20 2.56
8. Auto-cranes (3 Ton) 2 0.83
9. Sheep foot rollers 4 0.08
10. Looseness of soils 1 0.02
11. Tankers (bowsers) (4.5 Ton) 5 1.24
12. Stone crushers with screw 1 0.82
13. Cement gun 1 0.06
14. Pneumatic Tampers 1 0.001
15. Perforators 12 0.07
16. Pneumatic Tools 130 0.35
17. Jeeps 20 1.89
18. Trucks (5 Ton) 10 3.00
19. Trucks (2.5 Tons) 5 0.57
20. Diesel Bowsers 2 0.50
21. Pump 6" diameter (diesel) 4 0.24
22. Pump 2" diameter ( " ) 4 0.08
23. Cost of workshop equipment 1 8.00
24. Low bed trailers (40 Tons) 2 1.00
Total Estimate 68.65
Customs duty, clearance etc. 11.00
Total estimate 79.65
Source: Irrigation Department Headquarters, Rangoon.
Concerning the economic and technical assistance to be rendered by 
the USSR to the Union of Burma in the construction of the project, the 
Government of Burma and the Soviet Union guided by a sincere desire to 
promote friendly relations and mutually advantageous co-operation between 
the two countries, and in pursuance of the request of the Government of 
Burma, concluded a protocol made on 30 August, 1962. (The articles are 
given in Appendix A).
As already mentioned in the Protocol, interest payments were to be 
made in the first quarter of the year following the year for which it 
was accrued. The Burmese Government made the necessary calculations of 
interest payments a year ahead of the due date, in order to be able to 
pay in the first quarter of the coming year. The yearly principal 
repayments and interest charges from 1968 to 1979 are shown below (Table 5.4).
5.2 Actual Costs
The project involves directly two separate branches of costs; 
namely, the capital costs incurred by the Ministry of Agriculture and 
the Soviet loan. The Ministry incurred about 65 per cent of the total 
expenditure in connection with the construction of the project. It also 
incurred the cost of operation of the project plus costs of farm 
equipment, agricultural credit and extension services made available 
to farmers in the irrigated tract.
The Soviet loan which accounted for 35 per cent of the total cost 
was to finance the capital costs of the project. This foreign exchange 
component of the investment amounts to 3.5 million roubles or Ks 191.5 
lakhs in terms of domestic currency. As already mentioned before, the 
Soviet loan was to be repaid over a twelve year period following 
completion of the project works, with an effective rate of interest 
of 2% per cent on the due balance. In fact, there was no grant for 
a period of grace even during the time of construction where interest 
rates were already charged.
The total construction costs which included the two separate 
branches of costs amounted to Ks 570.88 lakhs. A break-down of total 
costs is shown in Table 5.5.
* It was learnt that the principal repayments and interest charges 
were made in terms of U.S. dollars, although it was agreed to be 
repaid in terms of roubles according to the original protocol. 
Charges of banks for repayments were made for convenience sake 
in the interest of the two parties.
Year
1968
1969
1970
1971
1972
1973
1973
1975
1976
1977
1978
1979
T o t a l
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TABLE 5 .4
P r i n c i p a l  Repayments  and I n t e r e s t  Charges  
From 1968 t o  1979
P r i n c i p a l  Repayment I n t e r e s t
Roub les  291056.56 
= K s . 1539980.00
Roubles  291056.00  
= Ks. 1534980.00
Roubles  291056.00  
= Ks. 1539980
Roub les  291056.00 
= Ks. 1539980
Roub les  291056 .00  
= Ks. 1878020
Roubles  291056 .00  
+ Ks. 1878020
Roub les  291056 .00  
= Ks. 1878020
Roub les  291056.00 
= Ks. 1877880
Roub les  291056 .00 
= Ks. 2630950
Roub les  291056.00 
= Ks. 2655090
Roubles  291056.00  
= Ks. 2809370
Roub les  291056.00  
= Ks. 2865060
Roubles  87294.05 
= Ks. 461880 .00
Roubles  81616 .96  
= Ks. 431840 .00
Roubles  73107.61 
= Ks. 386820
R oub les  65952 .48  
= Ks. 348960
Roub les  58231.41 
= Ks. 375740
Roub les  51056.08
- Ks. 329440
Roub les  43739 .25
- Ks. 282230
Roub les  36422 .43
- Ks. 307170
R oub les  29105.60
- Ks. 268000
Roubles  21808.99 
= Ks. 199310
Roubles  14512.38  
= Ks. 148550
Roub les  7215.76  
= Ks. 71030
Kyats 24,632,330 Kyats 3,610,970
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TABLE 5.5
Break-down o f  To ta l  C o n s t r u c t io n  Costs
Works Cos ts  ( lakhs )
1. Ea r then  dam
2. Canal systems
3. Roads
4.  Fore ign  e x p e r t s
5. Machines and equipment
6 .  Custom d u t i e s  f o r  machines
223.58
98.90
20 .0
8.81
185.19
and equipment 
To ta l  c o s t s 570.88
34.40
S o u r c e : I r r i g a t i o n  Department H e a d q u a r t e r s ,  Rangoon.
The main c o s t s  were f o r  the  c o n s t r u c t i o n  o f  t h e  e a r t h e n  dam with  
p r o t e c t i v e  works,  and f o r  machines and heavy equipment impor ted  from 
t h e  S o v i e t  Union.  Also th e  c o n s t r u c t i o n  o f  a network o f  ca n a l s  
c o n s i s t e d  o f  a major p o r t i o n  o f  th e  t o t a l  c o s t s .  The network was l a r g e l y  
b u i l t  around t h e  two main c a n a l s ,  which took o f f  from t h e  dam. The 
supply  o f  w a te r  t o  the  f i e l d s  was f u r t h e r  s p read  th rough  d i s t r i b u t a r i e s  
and m in o rs .  The t o t a l  c o s t  f o r  th e  network in c lu d e s  t h e  c o s t s  f o r  
d e s i g n ,  c o n s t r u c t i o n  and t h e  l i n i n g  o f  a l l  c a n a l s .  This  e n t i r e  cos t  
o f  t h e  system f o r  t h e  d i s t r i b u t i o n  o f  w a te r  f o r  i r r i g a t i o n  worked out  
t o  18 p e r  cen t  of  t h e  t o t a l  c a p i t a l  in v e s tm e n t .
The a c t u a l  t o t a l  c o s t  f o r  t h e  e n t i r e  p r o j e c t  o f  Ks 570.88 lakhs  
was i n  ex ce ss  o f  t h e  e s t i m a t e d  t o t a l  c o s t  o f  Ks 419.70 lakhs  by Ks 151.18 - 
l a k h s .  I t  w i l l  o b v io u s ly  be seen t h a t  t h i s  was main ly  due to  an 
i n c r e a s e  i n  th e  c o s t  o f  machines and equipment .  I t  i s  a l s o  n e c e s s a ry  
t o  d i s t i n g u i s h  between im por ted  and d o m e s t i c a l l y  s u p p l i e d  machinery 
and a l s o  between d i f f e r e n t  types  o f  l a b o u r .  The excess  o v e r  the  
e s t i m a t e d  c o s t  was due n o t  only  to  imported  machinery  b u t  a l s o  to  
im por ted  l a b o u r .
A break-down o f  annual  c o s t s  d u r in g  t h e  c o n s t r u c t i o n  p e r i o d s ,  
t h e  o r i g i n a l  e s t i m a t e  and t h e  d i f f e r e n c e  between them i s  shown below 
in  Tab le  5 . 6 .
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TABLE 5.6
Break-down of Annual Costs and Estimated Costs 
During Construction Periods
Year
Actual
Costs
Estimates
(lakhs)
Differem
1. 1961-62 11.89 18.94 - 7.05
2. 1962-63 25.29 159.84 -134.55
3. 1963-64 43.48 92.04 - 48.56
4. 1964-65 85.92 89.14 - 3.22
5. 1965-66 290.61 59.54 +231.67
6. 1966-67 110.95 +110.95
7. 1967-68 1.95 + 1.95
Total costs 570.88 419.70 151.18
Source: Irrigation Department Headquarters, Rangoon.
As already stated, the construction works commenced in 1961-62 
and finally finished in 1967-68. An examination of the scheduling of 
costs shown in Table 5.6 reveals a wide difference between the actual 
and the estimate; not to mention the difference in total construction 
years. It took altogether seven years for construction, although 
according to the agreed Protocol it was estimated only a five-year 
period.
By comparison from the above table, total costs were much more 
concentrated in the early years of the project in the estimate, while 
as it was a reverse situation in the actual construction periods. As 
may be expected from past experiences, the project was rushed to 
completion in the last two years, namely the fifth and sixth years.
The additional cost incurred in the seventh year was for blanketing the 
seepage areas.
It is a rather difficult task for a complete or an accurate 
break-down of the share of labour, equipment and other materials in the 
total construction cost for the project as a whole. Nevertheless, a very
* The cost figures for the project are exclusive of interest charges 
on the foreign capital during the period of construction years.
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rough break-down of cos t  f i g u r e s  could be a t tem p ted  on the  b a s i s  o f  
c o s t  e s t i m a t e s .  The c a p i t a l  c o s t  o f  t h e  machinery n e c e s s a ry  f o r  t h e  
c o n s t r u c t i o n  could be rough ly  about  20 p e r  c e n t  o f  th e  t o t a l  c o s t .  The 
main types  o f  machinery invo lved  a re  a l r e a d y  shown i n  Table  5 . 3 .  As 
ment ioned e a r l i e r ,  t h e  e n t i r e  c a p i t a l  c o s t  of  t h e  machinery was no t  
accounted  to  the  p r o j e c t ,  s i n c e  i t  was assumed t h a t  a f t e r  the  p r o j e c t  
was completed,  i t  would s t i l l  hold  a s a lv a g e  v a l u e .  The o p e r a t i o n  of 
th e  machinery  r e q u i r e s  f u e l ,  spa re  p a r t s ,  l a b o u r  f o r  o p e r a t i n g ,  s e r v i c i n g  
and r e p a i r .  The cos t  f o r  such i t em s ,  however, e n t e r e d  t h e  t o t a l  c o s t .
I t  was f u r t h e r  assumed t h a t  t h e  c o s t  of  d e p r e c i a t i o n  f o r  t h e  e n t i r e  
machinery  employed on the  p r o j e c t  t a k e n  as a whole was app rox im ate ly  
27 pe r  c e n t  o f  t h e  c a p i t a l  c o s t  o f  th e  mach inery .
On the  s id e  o f  m a t e r i a l s ,  t h e r e  were s e v e r a l  im p o r ta n t  components 
l i k e  cement,  c o n c re te  and s t o n e s ,  p a r t i c u l a r l y  in  th e  c o n s t r u c t i o n  of  
t h e  dam and the  l i n i n g  o f  th e  two main c a n a l s .  F o r t u n a t e l y ,  s to n e s  
were a v a i l a b l e  i n  the  v i c i n i t y ;  t h e r e f o r e  r ed u c in g  much o f  t h e  c o s t  of  
t r a n s p o r t i n g  them from o t h e r  a r e a s .  A good p a r t  o f  th e  c a n a l s  r e q u i r e d  
l i n i n g  to p r e v e n t  l o s s  o f  wate r  and to  ensure  t h a t  t h e  wate r  reached  
th e  a r e a s  f a r t h e s t  away. The cos t  o f  l i n i n g  accounted  f o r  about  
o n e - f i f t h  o f  the  t o t a l  inves tm en t  on the  c a n a l s .
As f a r  as l a bou r  i s  conce rned ,  t h e  major i t ems o f  cos t  which 
invo lved  t h e  use o f  u n s k i l l e d  manpower were th o se  on ea r thworks  and 
s toneworks  r e l a t e d  with  t h e  dam, main c a n a l s  and i t s  d i s t r i b u t a r i e s .
The main c o n s t r u c t i o n  work was t h e  e r e c t i o n  o f  the e a r t h e n  dam which 
in vo lved  bo th  u n s k i l l e d  l a b o u r  and machinery .  Types o f  works inc luded  
in t h i s  case  were working borrow a r e a s  w i th  e x c a v a to r s  and s c r a p e r s ,  
f i l l i n g  t h e  body o f  the  dam w i th  w a te r in g  and tamping us ing  t r a c t o r s ,  
sheep fo o t  r o l l e r s ,  b u l l d o z e r s  and w a te r  bowsers .  Works l i k e  
p r o t e c t i o n  o f  the  s lo p es  o f  t h e  dam with  s to n e s  in c lu d ed  trimming o f  
s lo p e s ,  l a y in g  o f  sand l a y e r s  d e l i v e r e d  from Kyaukpon r i v e r  bed,  
h a u l in g  s to n es  to  t h e  c r e s t  o f  t h e  dam from t h e  excava ted  s p o i l  o f  the 
e scape ,  and th e  p i t c h i n g  o f  s l o p e s .  The amount o f  ea r thwork  and s to n es  
invo lved  in  t h e  c o n s t r u c t i o n  o f  the  dam p o r t i o n  was 3 ,469,626 cu.  yds.  
and 193,343 cu.  yds .  r e s p e c t i v e l y .
The share  o f  c o s t  f o r  u n s k i l l e d  manpower f o r  th e  p r o j e c t  as  a 
whole was app rox im ate ly  40 pe r  c e n t  o f  th e  e n t i r e  c o s t .  Obviously,  
u n s k i l l e d  l a bou r  had p layed  a major  r o l e  i n  th e  c o n s t r u c t i o n  o f  the  dam 
p o r t i o n  and t h e  d i s t r i b u t i o n  sys tem s .  Most o f  th e  labou r  employed 
were from the  p r o j e c t  r e g io n  i t s e l f ,  while  some were r e c r u i t e d  from
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n e ig h b o u r in g  a r e a s .  S ince  most o f  them were underemployed o r  unemployed 
th e  c o n s t r u c t i o n  of  the  p r o j e c t  c a l l s  to a l a rg e  e x t e n t  on employment 
o f  r e s o u r c e s  which were r e l a t i v e l y  i d l e  i n  the  economy, i n v o lv in g  by 
i m p l i c a t i o n  l i t t l e  o r  no s o c i a l  o p p o r t u n i t y  c o s t .
On th e  o t h e r  hand,  t h e  c o s t  component f o r  s k i l l e d  la b o u r  was 
r o u g h ly  10 p e r  c en t  of  th e  e n t i r e  c o s t .  S k i l l e d  la b o u r  i n c lu d e s  
e n g i n e e r s  and t e c h n i c i a n s ,  b o th  l o c a l  and f o r e i g n .  For the  purpose  of  
the  a n a l y s i s ,  s e m i - s k i l l e d  machinery  o p e r a t o r s  a r e  a l s o  c l a s s i f i e d  as 
s k i l l e d  w orkers .
Once t h e  p r o j e c t  works a r e  comple ted ,  i t  i s  th e  r e s p o n s i b i l i t y  o f  
t h e  i r r i g a t i o n  a u t h o r i t i e s  t o  o p e r a t e ,  m a in t a i n  and r e p a i r  th e  works 
o v e r  t h e  expec ted  u s e f u l  l i f e  o f  50 y e a r s .  There were no e s t i m a t e s  
made f o r  maintenance and o p e r a t i o n  c o s t s .  Ac tua l  main tenance  c o s t s  f o r  
t h e  p r o j e c t  are d iv id e d  i n t o  two main i t em s ,  i . e .  th e  o r d in a r y  r e p a i r s  
and the  s p e c i a l  r e p a i r s .  By d e f i n i t i o n ,  o r d i n a r y  r e p a i r s  a r e  th o se  
f o r  minor  damages, whi le  as t h e  s p e c i a l  r e p a i r s  in c lu d e  the  r e p a i r i n g  
o f  majo r  damages and s u b s t i t u t i o n  o f  major  p a r t s .  T o ta l  main tenance  
c o s t s  in v o l v e  t h e  r e p a i r i n g  o f  t h e  c a n a l s ,  berm c u t t i n g ,  t rimming and 
ro d d in g ,  maintenance  of  headworks,  s t r u c t u r e s ,  g a t e s ,  masonry l i n i n g s ,  
t r a n s p o r t ,  i n s p e c t i o n  roads and d r a in a g e  works.
I f  more i r r i g a t i o n  w ate r  i s  used to  expand th e  i r r i g a t e d  t r a c t ,  
main tenance  c o s t s  o f  c a n a l s  would r i s e  because  o f  damages done by 
f low ing  w a t e r s .  As i t  i s  done i n  most i r r i g a t e d  sys tem s ,  l i n i n g  o f  
c a n a l s  i s  a p p l i e d  to reduce  seepage l o s s e s .  Lin ing  o f  a seven mi le  
long L e f t  main cana l  and a twelve m i le  long Right  main cana l  would 
o b v io u s ly  i n c r e a s e  main tenance  c o s t s ;  bu t  g r e a t e r  b e n e f i t s  could  
a l s o  e x i s t  as  a r e s u l t  o f  more water  f o r  i r r i g a t i o n .  Fur therm ore ,  l e s s  
w a te r  logg ing  would reduce  damages which in  t u r n  would reduce 
ma in tenance  c o s t s  o f  c a n a l s .  Table 5 .7  p r e s e n t s  th e  annual  c o s t s  o f  
o p e r a t i o n  in c lu d in g  main tenance  and r e p a i r s  o f  th e  works.
The farmers  in the r e g io n  a r e  no t  r e q u i r e d  to  make any annual  
payments f o r  th e  use of  i r r i g a t i o n  w a te r .  T h e r e f o re ,  the  o p e r a t i n g  
c o s t  as  well  as  p a r t  o f  the  c a p i t a l  c o s t s  a r e  ma in ly  borne by th e
* I r r i g a t i o n  r a t e s  a r e  no t  no rm al ly  charged  i n  th e  co u n t ry .  In f a c t ,  
i t  i s  more o r  l e s s  concerned w i th  p o l i t i c s  r a t h e r  than economic 
f a c t s .  I t  i s  b e l i e v e d  t h a t  i r r i g a t i o n  cha rges  a r e  i n c lu d e d  i n  o th e r  
c o s t s  o f  farm i n p u t s .  F u r therm ore ,  i t  i s  b e l i e v e d  t h a t  i r r i g a t i o n  
ch a rg e s  would have no s i g n i f i c a n t  e f f e c t  on f a r m e r s ’ i n c e n t i v e  to  
make p r o f i t a b l e  use  of  t h e  w a te r  and a l s o  t h e r e  i s  no doubt  about  
th e  c a p a c i t y  to  pay fo r  t h e s e  c h a rg e s .
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government. As far as private costs are concerned, there are individual 
costs of production at the farm level. These costs are clearly related 
to the increase in agricultural production made possible through 
irrigation. The costs of cultivation will rise as more farm equipment, 
more material inputs and more intensive labour are required for the 
irrigated fields. Table 5.8 presents the unit production cost per 
acre for selected major crops grown with irrigation water.
TABLE 5.7
Annual Operation and Maintenance Costs
Year Maintenance 
Ordinary Repairs
Costs
Special Repairs
Total Costs 
(Kyats)
1970-71 269,100 150,718 419,818
1971-72 249,017 150,466 399,483
1972-73 263,539 95,825 359,364
1973-74 132,422 6,490 138,912
1974-75 267,894 40,003 307,892
1975-76 291,616 23,919 315,535
1976-76 323,677 40,237 363,914
1977-78 257,440 66,169 423,609
1978-79 175,221 278,698 453,919
1979-80 301,810 23,455 325,265
Source: Irrigation Department, Kyet-mauk-taung Irrigation Project,
Kyaukpadaung.
TABLE 5.8
Unit Production Cost Per Acre (Kyats)
Crops Unit Production 
Commodities $ Services
Cost Per Acre 
Labour Cost
(Kyats)
Total
1. Long staple cotton 205 100 305
2. Short staple cotton 7 30 37
3 . Sesamum 65 120 185
4. Groundnut 155 60 215
5. Pulses 50 50 100
Source: Irrigation Department Headquarters, Rangoon.
The unit production cost includes expenditures for commodities, 
services and labour. It excludes any charges made for irrigation water, 
land rent or interest on farm credit.
Farm equipment and material inputs are mainly supplied through 
government channels. More precisely, they are supplied through state- 
co-operatives, where prices are reasonably low. The supply of credit 
to the farmers is handled in the same way as the provision of farm 
equipment and others.
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CHAPTER 6
AGRICULTURAL BENEFITS AND THE IRRIGATIONAL 
ASPECTS OF THE PROJECT
As in the consideration of project costs, an account of the benefits 
of the project must begin with the 'official' approach to benefit 
estimation. It will then be assessed in the light of actual experience 
to be followed later by an 'alternative' approach to estimation of 
benefits with necessary modifications. The 'official' approach to 
estimation of benefits was on the assumption that Kyet-mauk-taung project 
area, weather and the cropping pattern are similar to that of the Thitson 
project, which is about 30 miles away. On that basis, the cropping 
pattern after the completion of the project was planned.
For the project area, land utilization was initially estimated to be 
100 per cent for the monsoon months and only 75 per cent for the winter 
months. The irrigated tract was estimated to be 30,000 acres where 
double cropping of monsoon and winter crops was originally planned. For 
the estimated irrigated tract, the average annual discharge run-off was 
predicted to be 97,000 acre feet. The annual depth of watering required 
according to the adopted cropping pattern of the Thitson project was 
2.14 feet. If this is the case, then the total annual water requirements 
for 30,000 acres would simply be 64,200 acre feet (30,000 x 2.14 feet = 
64,200 acre feet). Thus it was estimated that there would be ample water. 
Assuming that the planned cropping pattern adopted at Thitson project was 
formally followed, the planned annual agricultural benefits would be as 
detailed in Table 6.1.
The cropping pattern consisting mainly of long staple cotton, 
sesamum, groundnut and pulses, was planned for the estimated irrigated 
tract of 30,000 acres. The pattern included double cropping only for 
long staple cotton, which was regarded as the major crop to be grown 
with irrigation water. Groundnut and sesamum, which were traditional 
crops and mostly suited with the prevailing weather conditions, were 
included among the monsoon crops. Pulses were only planned as winter 
crops. As it is clear from Table 6.1, long staple cotton plays a major 
role in the estimated cropping pattern covering a total double cropping 
area of 16,800 acres.
The irrigation authorities had also made a future plan to implement 
improved water management after the establishment of the project.
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Acreage of crops that were actually planned to be sown in the long run
were as follows:
Crops Initial
Estimated
Area
(Acres)
% of 
Area
Long Run 
Planned 
Area 
(Acres)
% of 
Area
1. Long staple cotton 16,800 41.5 15,587 32.30
2. Paddy 900 2.2 6,419 13.30
3. Groundnut 3,750 9.2 7,025 15.00
4. Sesamum . 11,550 28.6 7,697 16.00
5. Pulses 7,500 8.5 11,255 23.4
Total 40,500 100 48,283 100
For the long-run plan, pulses were seen as second in importance 
compared with long staple cotton. This could be viewed as a shift in 
the initial estimated cropping pattern towards pulses paddy and groundnut 
rather than sesamum,. although cotton remained as the most important
crop in the project area. It was predicted that a slow change will 
therefore take place; its direction being indicated by changes in 
general economic situations and government policies.
The general objectives of the cropping pattern were established by 
the authorities within the framework of agricultural and irrigation 
policy. Initially, the introduction of irrigation into the project 
region was for a deliberate change in the agricultural structure.
The main intention was to shift from growing of toddy palm trees to 
irrigated agriculture. Crops under the agricultural plan would therefore 
have to serve two purposes, i.e. crops would have to be economically 
suitable not only for farmers in the region but also to fulfil the 
specific objectives of the government.
6.1 Alternative approach to benefit estimation. The project was finally 
completed in 1967-68. The annual water inflow which had been estimated 
to cover all irrigation requirements did not eventuate. During the 
fifteen years after its completion, the predicted full tank level was 
never reached. This unsatisfactory annual water inflow was partly due 
to low rainfalls in the upper catchment basins of the two rivers. There 
was also suspicion that annual rainfalls were a bit overestimated. In 
spite of conditions of water storage well below the planned design, 
there was always sufficient irrigation water for farmers when agricultural 
seasons arrive.
6 5 .
Annual wate r  in f low  and i r r i g a t i o n  r e l e a s e  a r e  shown i n  Table  6 .2 .  
During a t e n - y e a r  p e r io d  from 1968 t o  1977, average  annual  wate r  in f low 
accounted  f o r  33,000 a c r e - f e e t  which i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  
o r i g i n a l  e s t i m a t e  o f  97,000 a c r e - f e e t .  During th e  y e a r  1979, the  r a i n f a l l  
was below normal th ro u g h o u t  t h e  whole co u n t ry ,  e s p e c i a l l y  in  t h e  a r i d  zone 
o f  t h e  p r o j e c t  a r e a .  The e f f e c t s  o f  d ry  weather  were more pronounced in  
the  p r o j e c t  r e g io n  in  c o n t r a s t  w i th  ne ig h b o u r in g  r e g i o n s .  The w ate r
s to r a g e
1 .
c o n d i t i o n s  in  1979 were as f o l l o w s :
The t a n k ' s  w a te r  c a p a c i t y  a t  R.L. 53 f e e t  
on 16.11 .79 10,405 a c r e - f e e t
2. Dead s to r a g e  a t  wate r  gauge 37 f e e t 2,100 a c r e - f e e t
3. Water f o r  i r r i g a t i o n  use 7,305 a c r e - f e e t
4. Water l o s s e s  th rough  e v a p o r a t io n 900 a c r e - f e e t
5. I r r i g a t i o n  use  f o r  3,000 a c r e s  o f  
l a t e  monsoon long s t a p l e  c o t to n  
(1 a c r e - f e e t  per  a c r e ) 3,000 a c r e - f e e t
6. Water l o s s e s  th rough  e v a p o ra t io n  
(from February to  A p r i l ) 900 a c r e - f e e t
Res idua l  w ate r  s t o r a g e 2,505 a c r e - f e e t
The above i s  a s im ple  i l l u s t r a t i o n  o f  the  average  r e s i d u a l  water  
s t o r a g e  l e f t  a f t e r  i r r i g a t i o n  u s e s .  G e n e ra l l y  s p eak in g ,  p r e - p r o j e c t  
s tudy  o f  w a te r  r e s o u rc e s  o r  r a i n f a l l  was c o n s i d e r a b l y  in a d e q u a te .  I t  
should have aimed to  measure t h e  q u a n t i t i e s  o f  w ate r  a c t u a l l y  u sab le  
as w e l l  as  th e  f requency  and s c a l e  o f  w a te r  s h o r t a g e s  l i a b l e  to  i n f l u e n c e  
the  expec ted  a g r i c u l t u r a l  p r o d u c t i o n .  N e v e r t h e l e s s ,  t h e  w a te r  s t o r a g e  
was a lm os t  s u f f i c i e n t  th roughou t  t h e  a g r i c u l t u r a l  y e a r s ,  and hence t h e r e  
e x i s t s  no problems o f  r a t i o n i n g  o f  t h e  a l l o c a t i o n  o f  i r r i g a t i o n  wate r .
P r o j e c t  b e n e f i t s  could  be d e s c r ib e d  as (a) d i r e c t  a g r i c u l t u r a l  
b e n e f i t s ,  and (b) i n d i r e c t  and secondary  b e n e f i t s .
In p r i n c i p l e ,  b e n e f i t s  o f  t h e  p r o j e c t  to  th e  n a t i o n a l  economy 
cannot be  concerned on ly  w i th  t h e  d i r e c t  b e n e f i t s .  Although i n d i r e c t  
b e n e f i t s  a r e  i n t a n g i b l e  and a r e  d i f f i c u l t  t o  measure econom ica lly ,  
however,  w i l l  have to  e n t e r  t h e  c a l c u l a t i o n s  o f  p r o f i t a b i l i t y  o f  th e  
p r o j e c t .  The d i r e c t  b e n e f i t s  in c lu d e  n o t  on ly  t h e  p r e s e n t  bu t  a l s o  the  
f u t u r e  b e n e f i t s .  P r i n c i p a l l y ,  on ly  t h e  a c t u a l  i n c r e a s e  i n  a g r i c u l t u r a l  
o u tp u t  on land a f f e c t e d  d i r e c t l y  by t h e  p r o j e c t  i s  r ega rded  as b e n e f i t s .
The main o b j e c t i v e  f o r  t h e  c o n s t r u c t i o n  o f  the  p r o j e c t  i s  t o  
promote a g r i c u l t u r a l  p r o d u c t i o n  in  the  a r e a .  With r e g a rd  to  t h e
6 6 .
TABLE 6 .2
Water Inf low and I r r i g a t i o n  Re lease
Year 1Water Inf low I r r i g a t i o n Gauge Water Depth
Release Level
(A c re - f e e t ) ( A c re - f e e t ) ( A c r e - f e e t ) (Feet)
1965 17,984 - 890.7 53
1966 7,798 7,158 887.4 49
1967 13,446 8,878 897.9 68
1968 25,406 7,657 906.3 68
1969 43,111 19,349 919.7 82
1970 37,072 26,795 922.6 85
1971 34,163 29,391 921.4 83
1972 11,725 11,607 900.5 63
1973 36,680 33,618 917.2 89
1974 28,725 20,946 918.0 80
1975 38,439 19,954 925.7 83
1976 44,523 24,971 933.1 95
1977 30,402 28,370 929.3 91
1978 - - - -
1979 - - - -
S o u r c e : I r r i g a t i o n  Department,  K ye t -mauk- taung .
b e n e f i t s i t  i s  p r e f e r a b l e  to  look a t  the  i r r i g a b l e  a re a , the  c u l t i v a t e d
a r e a  and t h e  c rops  sown. A f t e r  t h e  p r o j e c t  was comple ted ,  t h e r e  was
s i g n i f i c a n t  ev idence f o r  t h e  i n c r e a s e o f  a g r i c u l t u r a l  p r o d u c t io n  i n  the
i r r i g a b l e a r e a  and th e  double c ropp ing a r e a s .  The t o t a l i r r i g a b l e  and
t h e  c u l t i v a b l e  a r e a  on b o th  t h e  cana l systems a r e  shown ;as below:
T o ta l  Lef t  Canal Right  Canal
I r r i g a b l e a re a 29 ,896 7,010 21,776
C u l t i v a b l e  a re a 48 ,283 15,225 33,057
Out of  t h e  t o t a l c u l t i v a b l e  a r e a a cropp ing  p a t t e r n which in c lu d e s
15,887 a c r e s  o f  long s t a p l e  c o t t o n ,  6, 419 a c r e s  o f  paddy , 7,025 a c r e s  o f
groundnut;, 7,697 a c r e s  o f  sesamum and 11,255 a c re s  o f  p u l s e s  i s  p lanned
by th e  a u t h o r i t i e s . S ince  t h e r e  a r e  no w a te r  cha rges  invo lved  i n  th e
i r r i g a t i o n  system,  t h e r e  is  a b in d in g  s o c i a l  c o n s t r a i n t  f o r  fa rmers  
where t h e y  a re  o b l i g e d  t o  grow on ly  t h o s e  p lanned  crops  w i th  th e  use
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of irrigation water. In other words, farmers in the project are 
not allowed to grow any crops in free market conditions.
Although the planned cultivable area on the two canal systems is 
48,283 acres, including the double cropping areas, its target was never 
reached throughout the cultivated years from 1968-69 to 1979-80. The 
table below represents the yearly actual cultivated areas. It shows 
the relationship of the area effectively irrigated to the irrigable and 
cultivable areas shown above, and its growth during the years of 
cultivation periods.
TABLE 6.3
Total Sown Acreage Matured Acreage and 
the Value of Crop Production
Year Sown Acreage Matured Acreage Matured as 
% of Sown
*Value of Crop 
Production 
(000 Ks.)
1968-69 46,273 41,710 90.14 4745.89
1969-70 50,455 41,991 83.22 3,226.55
1970-71 50,603 47,772 94.40 5,444.55
1971-72 44,254 38,423 86.82 4,106.10
1972-73 44,573 29,931 67.15 2,842.73
1973-74 42,936 35,600 82.91 4,117.52
1974-75 39,052 23,208 59.42 7,955.37
1975-76 43,374 86,814 84.87 10,818.06
1976-77 41,288 27,746 67.20 7,091.73
1977-78 42,176 32,998 78.23 Not available
1978-79 47,481 31,986 67.36 -
1979-80 45,816 23,458 51.20 -
1980-81 38,979 24,066 61.74 -
Source: Irrigation Department Headquarters, Rangoon.
The total value of crop production was computed by the Irrigation 
Department
As may be seen from Table 6.3, only two years proved to have reached 
the targeted cultivable area. In principle, the irrigable area depends 
directly on the irrigation potential, but experience shows that the 
effectively irrigated area is usually below the actual irrigable area.
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The a r e a  e f f e c t i v e l y  i r r i g a t e d  does depend no t  o n ly  on i r r i g a t i o n  p o t e n t i a l  
bu t  more i m p o r t a n t l y  i n  t h e  w i l l ,  i n i t i a t i v e  and economic i n t e r e s t  o f  t h e  
f a r m e r s .
The land  use  d u r in g  t h e  y ea rs  from 1968-69 t o  1980-81 tu r n e d  out  to  
be l e s s  i n t e n s i v e l y  c u l t i v a t e d  t h a n  t h e  t a r g e t .  A graph i s  drawn f o r  t o t a l  
sown a c r e a g e  from t h e  i n i t i a l  a g r i c u l t u r a l  yea r  t o  the  p r e s e n t  p e r i o d .
FIGURE 6.1
Sown Acreage from 1968-69 to  1980-81
Targe t
Sown acreage
1 9 6 8 / -6 9 /  - 7 0 /  -71 /  - 7 2 / - 7 3 /  -74 /  -75/  - 7 6 / - 7 7 /  -78 /  -79/  -80/  
>69 70 71 72 73 74 75 76 77 78 79 80 81
There a re  y e a r l y  f l u c t u a t i o n s  w i th  s i g n i f i c a n t  i n c r e a s e s  and 
d e c r e a s e s  (F igure  6 . 1 ) .  Here,  sown a c re ag e  i s  shown w i th  double  
c ropp ing  f i g u r e s  i n c lu d i n g  a c r e a g e s  o f  monsoon and w i n t e r  c ro p s .
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As far as the comparison with benefit estimation with other years 
is concerned, the agricultural production, matured acreage together 
with farm costs of the agricultural year of 1976-77 could be taken as 
an example. The statistics for the agricultural year of 1976-77 which 
is a normal year can be seen in Table 6.4.
The total acreage was only 27,748 acres, while the total sown 
acreage accounted for 41,288 acres (Table 6.4) and hence a significant 
difference exists between the sown and the matured acreage. The 
destruction of the sown acreage was due to unseasonal rainfalls during 
the months of May and June where the crops were still standing in the 
fields.
For the same agricultural year of 1976-77, a comparison of areas 
between 'estimated acres' and 'actual acres' can be made as below:
TABLE 6.5
Comparison of Acres Between 'Estimate' and 'Actual'
Crops Acres
First Crop Estimate Actual
Sown Acreage Matured Acreage
1. Paddy 900 4,117 2,791
2. Long staple cotton 9,300 4,026 2,010
3. Groundnut 3,750 5,010 4,510
4. Sesamum 11,550 16,482 10,940
5. Chillies 2,700 - -
6. Orchards 1,800
Second Crop
7. Pulses 7,500 2,320 1,956
8. Long staple cotton 7,500 3,561 661
9. Onions 1,750 - -
10. Fallows, pastures, 
manure 3,500 756 749
11. Orchards 1,750 - -
12. Others
Total areeas 52,000 41,288 27,746
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In Table 6.5 ’Others' includes corn seeds and leaves, tomatoes 
and chillies. As it is obvious from the table, there is a significant 
difference between acres of ’estimate’ and 'actual'. Generally speaking, 
the sown or the matured acreage throughout the agricultural years were 
far below the estimate.
In all cases, some of the greatest shortfalls were on the irrigation 
affected lands where on-farm investments in drainage or levelling would 
have played an important role. It must be concluded that either the 
returns to such investments were not financially attractive to farmers, 
or there have been institutional deficiences that prevented their taking 
place. Unfortunately, there is no information on this.
To the extent that promotion of cash crops like cotton was seen as 
a benefit to the project, such benefits would have been overstated since 
the land substitution that took place was in favour of domestically 
consumed crops such as groundnuts, oilseeds and especially tobacco.*
Year to year changes in the cropping pattern are mainly the result 
of government agricultural policy towards cotton growing. The factors 
behind these changes are quite complex but it is believed that they are 
a reflection of the increased efficiency of irrigation water management 
and on-farm application methods. In part, the maintenance of canal 
structures and the small amount of canal lining would have contributed 
to a higher cropping intensity too. Yearly fluctuations in the cropping 
pattern are not the result of variations in water supplies determined by 
weather variability only. The farmers' attitude towards irrigation and 
the willingness to co-operate in the agricultural plans has also played 
a part. ^
Table 6.7 shows the growing of cotton 'before' and 'after' the 
project. The period 'before' the project represents the years during 
construction; the period 'after' represents the agricultural years 
from 1968-69 to 1976-77.
* The yearly variations in the total value of crop production are 
already shown in Table 6.3. Cost of commodities and services and 
labour cost for various crops will be shown in the Appendices. It 
will be seen that the cost of production for cotton is rapidly growing 
throughout the years.
1 Tables showing the details of sown acreage, matured acreage, value of 
crop production, and farm costs of various crops from 1968-69 to 
1976-77 will be presented in Appendices.
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TABLE 6.7
Cotton Before the Project
Year Cultivated Area 
(Acres)
Yield
(Viss/Acre)
Price
(Kyat)
1966 2,658 77.10 1.55
1967 2,341 47.85 1.55
After the Project
1968-69 13,122 95.85 3.50
1969-70 11,012 55.00 3.50
1970-71 10,990 53.80 3.50
1971-72 9,675 20.36 3.50
1972-73 12,306 43.05 3.50
1973-74 12,152 65.28 3.50
1974-75 12,293 81.90 3.50
1975-76 12,126 90.32 7.00
1976-77 11,786 114.80 7.00
Source: Irrigation Department, Kyet-mauk-taung.
The cultivated area of cotton had risen to a plateau of over 12,000 
acres during the years from 1972-73 to 1975-76. In response to local 
agricultural policies and priorities, its cultivated area had changed 
throughout the years. Also, it is important to note that yield per 
acre may have risen in response to price adjustments by the government.
At present, the cotton plan is in full swing, strongly backed by local 
government policies and agricultural price increases. Even in the 
light of these, there exists several difficulties and bottlenecks.
Besides cotton, there are also other plans for various crops. But as 
cotton is badly needed as a raw material input, it has been given a 
top agricultural priority.
Furthermore, a comparison of 'before' and 'after' the project for 
other major crops such as groundnut and paddy can also be made (Table 6.8).
No major changes in the cultivated areas of groundnut occurred 
before and after the project (Table 6.8). On the other hand, yield per 
acre had dropped sharply from the highest (40 baskets) to the lowest 
(6.5 baskets). Surprisingly, price for groundnuts has risen significantly 
from 6.0 Kyats to 45.00 Kyets. This was due to the adjustment of 
agricultural prices by the government in 1973-74.
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TABLE 6.8
Groundnut Area, Yield and Price 
Before and After the Project
Groundnuts - Before Irrigation
Year Cultivated 
Area (Acres)
Yield
(Basket/Acre)
Price
(Kyet/Basket)
1965 4,288 9.13 6.00
1966 4,320 15.00 6.00
1967 4,210 25.23 6.00
After the Project
1968-69 6,229 40.00 6.00
1969-70 6,910 36.00 6.00
1970-71 8,084 40.00 7.00
1971-72 6,816 20.00 6.00
1972-73 5,535 18.00 7.00
1973-74 3,860 21.00 55.00
1974-75 4,547 20.00 45.00
1975-76 5,840 8.00 45.00
1976-77 5,010 6.50 45.00
Source: Irrigation Department, Kyet-mauk-taung.
Similarly, a comparison can also be made for paddy, which is also 
one of the major crops in the project region (Table 6.9).
It is important to note that paddy had been given more attention 
in the later agricultural years. Yield per acre and the official price 
of paddy has risen throughout the years, though not very significantly. 
Increased areas in paddy are reflected by changes in the overall 
agricultural situations.
The acreages of cotton, groundnut and paddy with other crops grown 
in the project area added to the total sown acreage already shown in 
Table 6.3. As against little or no agriculture before the project, it 
does make substantial positive contributions to agricultural development 
in the region.
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TABLE 6.9
Paddy Area, Yield and Price Before 
änd After the Project
Year
Paddy
Cultivated 
Area (Acres)
- Before the Project 
Yield
(Basket/Acre)
Price
(Kyat/Basket)
1965 2,366 13.27 3.0
1966 1,227 12.85 3.0
1967 881 13.41
After the Project
3.0
1968-69 631 22.70 3.0
1969-70 3,298 22.78 5.0
1970-71 4,214 34.06 6.0
1971-72 5,254 34.18 6.0
1972-73 4,235 20.23 6.0
1973-74 4,997 25.44 10.0
1974/75 4,581 22.50 10.0
1975-76 5,694 31.79 10.0
1976-77 4,117 44.34 10.0
6.2 Irrigational Aspects of the Project. The performance of an 
irrigation project depends on the compatibility of water, land and 
people and the availability of supplementary agricultural inputs. The 
supply and demand of irrigation water is, of course, a key element. 
Hydrological studies are required to ascertain the quantity and reliability 
of the supply of water and its seasonal variations. Studies of 
disruption losses are also needed to arrive at reliable estimates of 
water available at the farm level.
The demand for water is derived from the water requirements of the 
agricultural output that the land and the farmers in the command area 
are expected to produce. The determinants of water requirements are 
climate, the nature of soil in the project area, the prospective market 
for various agricultural products, crops in the selected cropping 
pattern, and the ability and willingness of the farmers to make use of
the water.
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To make the b e s t  economic use o f  t h e  a v a i l a b l e  w a te r ,  a cropp ing  
p a t t e r n  has  to  be de te rmined  w i th  t h e  l a r g e s t  ne t  va lu e  o f  o u tp u t ,  
which i s  p h y s i c a l l y  p o s s i b l e  in  the  command a r e a .  Net va lue  o f  o u t p u t  
p e r  a c r e  and i r r i g a t i o n  requ i rem en ts  a re  th e  e s s e n t i a l  f e a t u r e s  o f  a 
f e a s i b l e  c ropp ing  p a t t e r n .  Toge ther  they  de te rmine  which c ropping  
p a t t e r n  i s  most p r o f i t a b l e  w i t h i n  the  l i m i t s  s e t  by a v a i l a b l e  land 
and w a te r .
The cropp ing  p a t t e r n  f o r  the  Kyet-mauk-taung a r e a  was p lanned 
long b e f o r e  th e  p r o j e c t  was f i n i s h e d .  As ment ioned b e f o r e ,  a c ropp ing  
p a t t e r n  was adopted from a r e g i o n  s i m i l a r  to  the  p r o j e c t  a r e a .  I f  an 
optimum cropping  p a t t e r n  i s  t o  be de te rm ined  f o r  the  lo c a l  fa rm er ,  
y i e l d s  should  be based on what th e  farmer i s  l i k e l y  to  ach ieve  in  th e  
immediate f u t u r e .  A key element f o r  th e  optimum cropping  p a t t e r n  
i s  t h e  i r r i g a t i o n  re q u i re m e n t s  o f  d i f f e r e n t  c rops  sown i n  t h i s  a r e a .
Water re q u i re m e n t s  depend on the  e v a p o t r a n s p i r a t i o n  o f  th e  s o i l  and 
p l a n t ,  and w i l l  a l s o  va ry  from p la c e  to  p l a c e  f o r  p a r t i c u l a r  c rops  
a c c o rd in g  to  c l i m a t i c  c o n d i t i o n s .
Water requ i re m en ts  f o r  c o t t o n ,  th e  main c rop  in the p r o j e c t  a r e a ,  
a r e  small  in  t h e  i n i t i a l  s t a g e s  o f  p l a n t  growth,  r e a c h  a maximum 
rough ly  equa l  to  p o t e n t i a l  e v a p o t r a n s p i r a t i o n  d u r ing  th e  end of  th e  
r a p i d  growth and t h e  f l o w e r in g  s t a g e  o f  t h e  p l a n t  and d e c l i n e  t h e r e a f t e r .  
D i f f e r e n c e s  i n  t o t a l  w a te r  re q u i re m e n t s  o f  v a r io u s  crops  de te rm ine  
d i f f e r e n c e s  i n  t ime and l e n g th  o f  th e  growing season .  In a c t u a l  
p r a c t i c e ,  d i f f e r e n c e  i n  w a te r  req u i re m en ts  appea r  to be much l a r g e r  
than many have assumed. I t  i s  o b v io u s ly  o f  c o n s id e r a b l e  im por tance  f o r  
the prob lem o f  optimum u t i l i z a t i o n  o f  w a te r  to  know whether  or  n o t  t h e r e  
a re  s u b s t a n t i a l  d i f f e r e n c e s  in  w ate r  req u i re m en ts  o f  v a r i o u s  c r o p s .  I f  
an extreme case  i s  accep ted  t h a t  w a te r  r e q u i r e m e n t s  f o r  a l l  crops  a r e  
assumed to  be the  same, the most p r o f i t a b l e  cropp ing  p a t t e r n  i s  s im ply  
the  one with th e  h i g h e s t  n e t  v a lu e  p e r  a c r e ,  which w i l l  then  a l s o  have 
the  h i g h e s t  v a lu e  p e r  a c r e  f o o t  o f  w a te r .
E f f e c t i v e  r a i n f a l l  i n  t h e  upper  ca tchments  o f  t h e  two r i v e r s  and 
th e  w a te r  s t o r a g e  in  t h e  r e s e r v o i r  de te rm ine  t h e  wate r  a v a i l a b l e  a t  
the  farm l e v e l .  Only a smal l  p a r t  o f  r a i n f a l l  i s  e f f e c t i v e  i n  t h e  
a r e a  owing t o  r u n o f f  and deep p e r c o l a t i o n .  Water i n  the  f i e l d s  i s  a l s o  
l o s t  th rough  p e r c o l a t i o n  and e v a p o r a t i o n ,  where a v a i l a b l e  w ate r  f o r  
i r r i g a t i o n  i s  p a r t i a l l y  a f f e c t e d .  The e f f i c i e n c y  o f  i r r i g a t i o n  has  been 
assumed to  be 70 p e r  c e n t  in the  p r o j e c t  a r e a .  The d i s t r i b u t i o n  o f
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i r r i g a t i o n  requ i re m en ts  over  t h e  y e a r  v a r i e s ,  o f  c o u r s e ,  i n v e r s e l y  with 
the d i s t r i b u t i o n  o f  r a i n f a l l .  S ince i t  i s  a very  dry  r e g io n ,  a l a rg e  
p a r t  o f  t h e  w ate r  re q u i re m e n t s  i s  met by i r r i g a t i o n  even in  the  r a i n y  
season .  In the  d ry  season ,  wate r  re q u i re m e n t s  have to  be met mainly 
from i r r i g a t i o n ,  and moreover th e y  te nd  to  r i s e  in  th e  hot  season .
In p r i n c i p l e ,  t h e r e  a r e  f i x e d  w a te r  r eq u i re m en ts  fo r  p a r t i c u l a r  
c r o p s .  Cot ton ,  fo r  example,  i s  assumed to  r e q u i r e  2 .9  f e e t  o f  wate r  
p e r  a c r e  t o  r e a c h  m a t u r i t y .  Table 6 .1 0  shows w ate r  requ i re m en ts  fo r  
v a r i o u s  c rops  i n  th e  command a r e a .
TABLE 6.10
Water Requirements f o r  V ar ious  Crops 
in  th e  Command Area
Crops Water Requirements 
( f e e t  p e r  acre)
1 . Pre-monsoon long s t a p l e  c o t t o n 2.9
2. Pre-monsoon paddy 5.7
3. Pre-monsoon groundnut 2.0
4. Pre-monsoon sesamum 2.0
5. Monsoon paddy 4 . 8
6. Late  monsoon long s t a p l e  c o t to n 2,9
Source :  I r r i g a t i o n  Department,  Kyet-mauk- taung .
Pre-monsoon and l a t e  monsoon long s t a p l e  c o t t o n  have th e  same water  
r e q u i r e m e n t s  p e r  a c r e .  S ince  c o t t o n  i s  grown a l l  over  the  p r o j e c t  a r e a ,  
i t s  w a te r  r e q u i re m en t  i s  a major d e t e rm in a n t  in  t h e  t o t a l  w ate r  
r e q u i r e m e n t .  I t  can be seen t h a t  w a te r  req u i re m en t  o f  crops  sown on 
th e  Lef t  and th e  R igh t  Canal systems a r e  d i f f e r e n t  (Table  6 ,11)  ,
Water  r e q u i r e m e n t s  f o r  paddy i s  t h e  h i g h e s t  as  i t  consumes a l o t  
i n  the  e a r l y  s t a g e s  o f  growth.  S ince  most o f  th e  lands  on the  Right  
Canal a r e  covered w i th  sandy s o i l s ,  t h e r e  i s  a need f o r  more water  
per  a c r e  than  w i th  t h e  L e f t  system which has  h e a v i e r  s o i l s .  I t  i s  
im por tan t  t o  see t h a t  t h e s e  i r r i g a t i o n  r e q u i r e m e n t s  a r e  met or  t h e r e  
would p ro b ab ly  be a c rop  f a i l u r e .  The amount o f  w a te r  i n  excess  o f  the  
n e c e s s a r y  r e q u i r e m e n t s  has  no impact  on o u t p u t  and i s  s imply  was ted .
I f  l e s s  w a te r  i s  p ro v id ed  than  s p e c i f i e d ,  one would expec t  some r e d u c t i o n
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TABLE 6.11
Water Requirements fo r  Crops on the  
Two Main Canals  (1979-80)
Crops Acres
(Lef t
Canal)
Acres 
(Right 
C ana l )
T o ta l
Acre
Feet
(Lef t
Canal)
T o ta l
Acre
F ee t
(Right
Canal)
Water Requirement 
Acre Feet  Per Acre
Left  Canal Right  Canal
1. Pre-monsoon 
long s t a p l e  
c o t t o n 3924 108 11112 935 2.8 5.0
2. Pre-monsoon 
paddy 791 686 4156 4000 5.2 6 .3
3. Monsoon 
paddy 4673 969 18176 8796 3 .9 9.0
4.  Late 
monsoon 
long s t a p l e  
c o t t o n 418 3387 1170.4 16935 2.8 5 .0
S o u r c e : I r r i g a t i o n  Department,  K ye t -m auk- taung .
i n  y i e l d  bu t  no t  comple te c rop  f a i l u r e ;  and n e c e s s a r y  o r  g r e a t e r  supply  
o f  w a te r  might  be expec ted  t o  i n c r e a s e  y i e l d s  to  some e x t e n t .  There i s  
much ev idence  t h a t  i n d i c a t e s  t h a t  th e  l o s s e s  a t t r i b u t a b l e  to  i n s u f f i c i e n t  
w a te r in g  a r e  l e s s  than  p r o p o r t i o n a l  to  t h e  s h o r t a g e s  o f  th e  w a te r  supply .  
S upply ing  l e s s  w a te r  than  t h e  r e q u i r e d  q u a n t i t y  t o  th e  f i e l d s  d i s t u r b s  
t h e  m o i s tu r e  t e n s i o n  in  th e  s o i l  making i t  h a r d e r  f o r  p l a n t s  to  e x t r a c t  
w a te r  and d i s s o l v e d  n u t r i e n t s  from th e  s o i l  su r ro u n d in g  t h e i r  r o o t s .  
However, most p l a n t s  a r e  w e l l  adap ted  t o  mi ld  v a r i a t i o n s  i n  s o i l  m o is tu re  
c o n t e n t  so t h a t  smal l  d e f i c i e n c i e s  i n  w a te r  supp ly  do n o t  have much 
e f f e c t  on p l a n t  growth.  But, as t h e  d e f i c i e n c i e s  become more and more 
s e v e r e ,  t h e  e f f e c t s  on growth can become more marked.  T r i a l s  i n  the  
d e m o n s t r a t io n  farms show t h a t  small  d e f i c i e n c i e s  in  w a te r  supp ly  produces  
no changes in  y i e l d .  Table 6 .12  r e p r e s e n t s  t h e  u t i l i z a t i o n  o f  i r r i g a t i o n  
w a te r  up to  December, 1979.
The o r g a n i z a t i o n  o f  s t a t e  farms o r  c o l l e c t i v e  farms a r e  e s t a b l i s h e d  
by t h e  government in  th e  command a r e a .  F i f t y  a c r e s  o f  s t a t e  farms a r e  
l o c a t e d  on the  L e f t  Canal and a n o t h e r  50 a c r e s  on th e  R igh t  Canal .  There
TABLE 6.12
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Utilization of Irrigation Water, December 1979
Crops Planned
Acreage
Sown
Acreage
Water Utilization 
(Acre-Feet)
1. Pre-monsoon long 
staple cotton 4,152 4,032 11,647
2. Pre-monsoon paddy 1,000 1,427 8,156
3. Groundnut 5 sesamum 1,770 1,246 2,469
4. Late monsoon long 
staple cotton 4,468 3,805 3,140
5. Monsoon paddy 5,000 5,642 26,972
Source: Irrigation Department, Kyet-mauk-taung.
are also 85 acres of co-operative farms organized and encouraged by the 
government. There is a possible extension of these types of farms if 
they prove to be successful. The water requirements for the 50 acres 
of state farms on the Left Canal system are shown as below:
TABLE 6.13
Water Requirements of State Farms on the Left Canal
Crops Acreage Water Requirement 
(Feet Per Acre)
Total Water Utilization 
(Acre Feet)
1. Paddy 20 7 140
2. Cotton 20 3.5 70
3. Sunflower 10 2.0 20
50_ 230 Acre Feet
The establishment of these state farms is mainly not only for 
increased production in the command area, but also to serve as an example 
to be followed by other irrigation areas. Paddy and cotton are normal 
crops sown in the area, while sunflower is supposed to be an experimental 
crop which bears no real significance. The following tables show how 
the basis of the water requirements for paddy, cotton and sunflower are 
calculated.
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TABLE 6.14
Water Requirements for Paddy
Needed Amount of Water
1. Fruit watering (for levelling and 
growth of seeds) 1.5 feet
2. Second watering (for early growth) 2.0 feet
3. Third and fourth watering (for 
plant growth) 2.0 feet
4. Fifth watering (for plant growth) 1.5 feet
Therefore, total needed amount of water 7.0 feet
TABLE 6.15
Water Requirements for Cotton
Needed Amount of Water
1. First watering (for levelling and 
land preparation) 1.0 feet
2. Second watering (for planting) 1.0 feet
3. Third watering (for plant) 1.0 feet
4. Fourth watering (for plant growth 
to maturity) 0.5 feet
Total needed amount of water 3.5 feet
Sunflower, unlike the other two crops, has a relatively low water 
requirement.
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TABLE 6.16
Water Requirements for Sunflower
Needed Amount of Water
1. First watering (for land
preparation and plantation)
2. Second watering (for plant
growth)
3. Third watering (for growth to
maturity)
Total needed amount of water
1.0 feet 
0.5 feet
0.5 feet
2.0 feet
The 50 acres of state farms on the Right Canal involve 30 acres of 
groundnuts and 20 acres of sesamum. Water requirements for groundnuts 
and sesamum are presented below.
TABLE 6.17
Water Requirements for Groundnuts and Sesamum
on the Right Canal
Crops Acreage Water Requirements Total Utilization 
of Water
1. Groundnuts 30 2 feet 60 acre feet
2. Sesamum 20 2 feet 40 acre feet
Total 50 100 acre feet
The total water requirements for the 100 acres of state farms on 
both the main canals are only a small fraction of the total water 
requirements needed for the whole region. The Agriculture Department 
is in charge of the management of these state farms which have proved 
to be successful to a certain extent. On the other hand, a small amount 
of co-operative farms, 85 acres in size, is in active operation in the 
command area, where they are jointly managed by the government and the 
participant farmers. There is a certain amount of pressure currently 
going on for the expansion of such farms. These farms differ from those 
of state farms, where they are operated mainly for the purpose of cotton 
growing. The total water requirement for cotton in the co-operative
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farms a r e  p r e s e n t e d  as below:
Crop Acreage Water Requirements 
(Feet  Per Acre)
T o ta l  U t i l i z a t i o n  
o f  water
Cotton 85 3.5  f e e t 297.5 ac re  f e e t
The t r a d i t i o n a l  method o f  i r r i g a t i o n  i n  the  p r o j e c t  a re a  i s  by 
g r a v i t y  w a te r  f low.  Water from upstream s to r a g e  r e s e r v o i r  i s  c a r r i e d  
th rough  a cana l  system t o  f i e l d  d i s t r i b u t a r i e s  a c ro s s  t h e  a r e a s  to  be 
i r r i g a t e d .  The f i e l d s  in  the  i r r i g a t e d  a r e a  s t r e t c h  w i th  boundar ie s  
mixed,  bu t  more o r  l e s s  i n  an even l e v e l  and each wi th  i t s  own p o s i t i o n  
between t h e  cana l  and th e  d ra in a g e  c h an n e ls .  The d i s t a n c e  between the  
cana l  and t h e  d r a in a g e  may be a few hundred y a r d s .
I r r i g a t i o n  i s  accompli shed  by l e t t i n g  w ate r  flow from th e  main 
canal  i n t o  th e  f i e l d  channe ls  and th e n  i n t o  th e  f i e l d s .  Th is  ty pe  o f  
i r r i g a t i o n  i s  f o r  r i c e  a r e a s  where t h e  f i e l d s  a r e  even ly  l e v e l l e d .
But in  a r e a s  where f i e l d s  s t r e t c h  i n  t e r r a c e d  s t e p s  one a f t e r  th e  o t h e r ,  
a f i e l d  to  f i e l d  i r r i g a t i o n  system i s  p r a c t i s e d .  The method i s  to  l e t  
w a te r  f low from t h e  c a n a l s  i n t o  the  f i r s t  t e r r a c e  o f  f i e l d s .  Once th e s e  
f i e l d s  a r e  f lo o d e d ,  the  bunds a r e  opened a l low ing  th e  w a te r  to  move to  
t h e  nex t  t e r r a c e  where th e  p ro c e s s  i s  r e p e a t e d  u n t i l  t h e  f looded  wate r  
moves a c r o s s  t h e  e n t i r e  d i s t a n c e  be tween t h e  cana l  and th e  d ra ina ge  
channe l .  Sometimes,  i t  t a k e s  a few days t o  s e v e r a l  weeks f o r  t h i s  
p rocedu re  o f  w a te r i n g .
There a r e ,  on t h e  o t h e r  hand,  s e v e r a l  d i s a d v a n ta g e s  o f  f i e l d  to  
f i e l d  i r r i g a t i o n .  Among them i s  t h e  l o s s  o f  e v a p o r a t io n  and p e r c o l a t i o n  
w h i le  th e  w a te r  moves along t h e  t e r r a c e s  and i n t o  th e  d r a in a g e .  In some 
c a s e s ,  t h e  con t in u o u s  f low o f  w a te r  a c r o s s  f i e l d s  may c a r r y  w i th  i t  
the  s o i l  n u t r i e n t s  and chemical  f e r t i l i z e r s  p u t  on t h e  f i e l d s .  The b e s t  
p o s s i b l e  way t o  av o id  some o f  t h e s e  l o s s e s  i s  to  c o n s t r u c t  a network o f  
s p re a d in g  c a n a l s  where w a te r  cou ld  be conveyed s e p a r a t e l y  t o  each p l o t .  
S e p a r a t e  d r a in a g e  channe ls  may a l s o  be p r e f e r r e d  to  p r e v e n t  any f i e l d  
to  be w a te r - l o g g e d .
One o f  t h e  most d i s t i n g u i s h i n g  f a c t o r s  i n  th e  i r r i g a t i o n  a s p e c t s  
o f  t h e  p r o j e c t  i s  t h e  w ate r  c o n t r o l  or  w a te r  management. Without  p r e c i s e  
w a te r  c o n t r o l ,  t h e  p o s s i b i l i t i e s  f o r  double  o r  m u l t i p l e  c ropping  a r e  
g r e a t l y  reduced .  Fur therm ore ,  t h e r e  can a l s o  be a l o s s  in  the  main crop 
p r o d u c t i o n ,  f o r  example,  such as c o t to n  w i th o u t  a p ro p e r  wate r  c o n t ro l  
system. Some o f  t h e  new h igh  y i e l d i n g  v a r i e t i e s  produced by th e  
d e m o n s t r a t io n  farms or  th o s e  b rough t  in  from o t h e r  s o u rc e s  need p r e c i s e
82.
water control and require large inputs of fertilizers and protective 
chemicals.
Water for irrigation can be both a traditional as well as a modern 
input for increased production. The discrimination between the two 
categories depends on the conveyance and the utilization of water.
Water as a traditional input is merely no more than watering of the 
fields, but it serves as a modern input when irrigation water supply can 
double traditional yield and increase total output.
In the crucial process of moving to scientific agriculture, the 
farmers in the project region will have to be involved in certain 
decision making. Decisions made by the farmers will affect the adoption 
of new variety seeds, the application of fertilizers and protective 
chemicals, and more importantly the adoption of new agronomic practices 
suitable for irrigation techniques. In addition, changes in the cropping 
pattern and purchase and use of modern farm implements will also be 
affected. On the other hand, decisions to construct their own field 
channels must be arrived at by some consensus of farmers in the area 
or enforced by the government.
Modern water control is needed in the conduct of farm operations 
over the irrigated area. At present, there is a common agreement 
reached by the farmers and the irrigation authorities on the use of a 
particular variety of cotton or other major crops like groundnuts, 
so that irrigation water can be provided on the date of planting over 
the whole area at the same time when it is needed to support crop growth.
The farmers are at the moment already enjoying a certain amount of 
agricultural benefits. The region has also experienced a relatively 
high level of sophistication in agriculture. This is mainly due to 
improved water management which allows for more careful irrigation for 
the main crops and open opportunities for double cropping. The improved 
water control and the more sophisticated agricultural situation had 
also resulted in a higher demand for modern farm implements.
For the purpose of water management, the government has already 
organized an efficient administrative body. Among villages that lie 
in the irrigated area, the government is currently encouraging the 
establishment of farmers' irrigation associations. Some of the villages 
have recently organized such associations which are already in active 
operation.
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The fo rego ing  gave an account  o f  t h e  i r r i g a t i o n a l  a s p e c t s  o f  the  
p r o j e c t  and th e  w ate r  use e f f i c i e n c y  a t  t h e  farm l e v e l .  In  r e a l  
p r a c t i c e ,  c ropping  p a t t e r n s  d iv e rg e  somewhat from th e  o r i g i n a l  p l a n s ,  
a f f e c t i n g  w ate r  requ i rem en ts  in  th e  r e g i o n  as a whole.  F ur therm ore ,  
economic c o n s i d e r a t i o n s  and a c t u a l  w a te r  a v a i l a b i l i t y  a l s o  c o n d i t i o n  
the use o f  w ate r  a t  t h e  farm l e v e l .  A ll  t h e s e  have to  be t a k e n  i n t o  
account  in  the  c a l c u l a t i o n  o f  th e  a g r i c u l t u r a l  b e n e f i t s .
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CHAPTER 7
SOCIAL BENEFIT-COST ANALYSIS OF THE PROJECT
A Financial Profitability Analysis with Market Prices 
7 • 1 Discounted Cash Flow Approach
The project was expected to create many types of benefits. One of 
them was to save foreign exchange that otherwise would have been spent 
on cotton imports. Cotton produced in the project area is supposed to 
provide some portion of cotton raw inputs that is necessary for a huge 
textile mill in the neighbouring region. Other benefits include the 
promotion of the standard of living and income of farmers who shifted 
from the cultivation of toddy palm-trees to more stable income and 
profitable crops grown with irrigation water.
The project involves two separate branches of cost, i.e, cost 
incurred by the Irrigation Department under the Ministry of Agriculture 
and Forestry and the loan agreement between the Soviet Union and Burma. 
The Irrigation Department incurred nearly 60 per cent of all expenditures 
in connection with the construction, operation and design of the project. 
For the project, the foreign loan or the foreign exchange component of 
the construction cost was made available as part of a general agreement 
under which the Soviet Government undertook to help construct the dam.
All foreign equipment used by the project was purchased from the Soviet 
Union.
The Soviet loan was to be amortized over a period of twelve years 
following completion of the project works, with a rate of interest of 
2.5 per cent on the due balance. The principal repayments commenced 
in 1968 and finally in 1979 the total loan was completely repaid. It 
cost the government about 28.2 million Kyats in local currency, which 
includes the interest charges.
During the construction years, the capital outlays of the project 
works were mainly financed by the Ministry. It also incurred the costs 
of farm equipment, agricultural credit and extension services made 
available to the farmers. Ever since the project was completed in 1967 
the government introduced extension services mainly for the adoption 
of new seeds and the technical use of irrigation water.
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The f o r e i g n  loan was t i e d  s p e c i f i c a l l y  to  t h i s  p a r t i c u l a r  p r o j e c t  
i n  t h e  sense  t h a t  i t  cou ld  no t  be used  e l sew here  in  the  economy. The 
c o s t  o f  u s ing  such a loan  i s ou t f low s  abroad in th e  form o f  annual  
p r i n c i p a l  repayments and i n t e r e s t  c h a r g e s .  I f  the  loan i s  u n t i e d ,  then 
th e  c o s t  of  i t s  use w i l l  be t h e  v a l u e  a t  shadow p r i c e s  o f  t h e  equipment 
p u rchased  with  t h e  loan.  However, in  a co u n t ry  l i k e  Burma where heavy 
im por t  c o n t r o l s  a re  e x e r c i s e d  and where c a p i t a l  goods r a t h e r  than 
consumer goods a re  major im por t s ,  and f u r t h e r ,  because  o f  the  e x i s t e n c e  
o f  a b la c k  market ,  t h e r e  i s  s t i l l  a need to  compute a f o r e ig n  exchange 
premium on th e  fo r e ig n  exchange component in  t h e  s o c i a l  b e n e f i t - c o s t  
a n a l y s i s .
While t h e  government i n c u r r e d  most o f  th e  c o s t s  o f  t h e  p r o j e c t ,  
t h e  fa rm ers  who now s e t t l e d  in  th e  i r r i g a t e d  a r e a  a r e  the  c h i e f  d i r e c t  
b e n e f i c i a r i e s .  From Table  7.1 below, a cash f low account o f  th e  farmers  
as  a group can be c a l c u l a t e d .  Farmer payments i n c lu d e  only  c o s t  of  
s e r v i c e s  and l a bou r  as l i s t e d  i n  th e  t a b l e .  Unlike most i r r i g a t i o n  
p r o j e c t s ,  t h e r e  a re  no r a t e s  on i r r i g a t i o n  or  o t h e r  cha rges  in  th e  
p r o j e c t  r e g io n .  These cha rges  a r e  p ro b a b ly  b e l i e v e d  to be inc luded  
in  th e  s a l e s  o f  farm equipment o r  o t h e r  i n p u t s  such as  f e r t i l i z e r s .
TABLE 7.1
Value o f  Crop P ro d u c t io n ,  Cost  and Net Value 
( '000  Kyats)
Year Value o f  Crop 
P roduc t ion
Cost o f  Inpu ts Cost o f  Labour* Net Income
1968-69 4745.89 599.4 1182.3 2964.19
1969-70 3326.55 690.2 1437.1 1199.25
1970-71 5444.55 976.2 1830.9 2637.45
1971-72 4106.10 925.2 1665.1 1515.80
1972-73 6286.90 962.4 1771.0 3553.50
1973-74 10477.70 784.5 3247.1 6446.10
1974-75 10454.50 3809.2 3182.2 3463.10
1975-76 10818.00 4238.6 4084.6 2494.80
1976-77 12091.70 8966.1 1522.1 1603.50
Source :  I r r i g a t i o n  Department,  Kye t -m auk- taung .
* Cost o f  labour  was e s t i m a t e d  by I r r i g a t i o n  Department and i s  based  
on p r e v a i l i n g  wage r a t e  in  th e  r e g io n  fo r  t h e s e  y e a r s .
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The value of crop production showed sharp variations throughout 
the years from 1968-69 to 1976-77 (Table 7.1)- The prices of output are 
administered prices and it is assumed that these have not been changed. 
Also on the cost side, both the cost of inputs and the cost of labour 
had risen significantly which leaves a narrow difference of net 
benefits to the farmers in the project area.
Using the data from Table 7.1 a cash flow account may be computed 
for the farmers as a group. The formulae for it is as follows:
n
Net Farm Income = Gross Returns - I P .  X-
i i 1
where are prices of all inputs used and X^ are 
quantities of ith input used
Here the value of crop production may represent the gross returns.
Cost of inputs include depreciation of farm equipment, machinery, cost 
of fertilizers, etc. Cost of labour involves hired farm labour plus value 
of family farm labour. For farmers as a group, the present value of 
net farm income or net benefits attributable to irrigation is 32,094.8
-kthousand Kyats. With this approach it is obvious that the direct 
benefits accruing to the project farmers are more than its associated 
farm costs.
In the case of the Kyet-mauk-taung project, benefits and costs are 
evaluated and compared on two situations, namely (1) the development of 
the economy of the region with the creation of the project, and (2) any 
development that would occur without the project. This 'with and without' 
principle measures the difference in contribution to the project when it 
is evaluated in terms of market values.
The Kyet-mauk-taung project, like any other surface irrigation 
project, provides adequate water at the time and place where required 
to enable local farmers to adopt intensive agriculture. Any additional 
agricultural output due to the project is normally regarded as the 
benefits from irrigation water. Furthermore, the net value added due 
to the project depends upon the difference between (a) cropping pattern 
and yields without irrigation, and (b) cropping pattern and yields with 
irrigation. It may be noted that the years of 1965, 1966 and 1967 
during the construction periods where some portion of the storage water
* A discount rate of 8 per cent is used to arrive at the present value 
of net benefits for farmers mainly because it is the ruling official 
bank rate in the country. Furthermore, it is assumed that it reflects 
the social preference of the nation as a whole. This is the current 
official rate and in Burmese context can be treated as social time 
preference rate.
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was released for cropping is regarded as the agricultural situation before 
or without irrigation*. The years starting from 1968-69 after the final
completion of the project is, of course, the agricultural years with 
irrigation.
Comparisons based upon the ’with and without’ principle are computed 
for major crops like cotton, groundnut, sesamum and paddy. Table 7.2 
shows the with and without situation of cotton.
It is obvious that cotton with irrigation contributes more direct 
irrigation benefits than the without situation. In this comparison, 
production cost refers to farm cost of commodities and services.
Table 7.3 shows the with and without situation of groundnut. It 
is clearly obvious that with and without situation of groundnut does 
not make much difference. Table 7.4 shows the with and without 
situation of paddy.
Thus, it is obviously seen from the above tables that the 
comparisons based upon with and without situation showed that the major 
crops have a higher economic advantage with irrigation than without 
irrigation. The yield rates under 'with irrigation' have increased 
significantly throughout the years. The extent of this increase in 
crop yields depends on various economic, administrative and social 
factors. Table 7.5 shows the difference in the gross value of 
agricultural produce for the three major crops.
It may be noted that the gross value of agricultural produce only 
for the three major crops 'with irrigation' is 1.8 times the corresponding 
figure of 'without irrigation'. Cost of cultivation in the form of seeds, 
farm labour, fertilizers and other expenses considerably increased after 
the introduction of irrigation. Thus, the net value of produce increased 
only 1.2 times the situation without irrigation. The difference between 
the net value of produce is shown in Table 7.6. This increase in the 
net value of produce is considered as the net additional benefit of the 
irrigation project. It is recognized that the agricultural situation in 
the project region may not improve without the benefit of irrigation even 
with the increasing use of improved high-yielding varities of seeds and 
new technologies of dry farming. Therefore, the net benefits from the 
project is shown by the differences of the benefits with irrigation and 
the benefits without irrigation.
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TABLE 7,2 
Cotton
Without Irrigation
Year Cultivated Area 
(acres)
Yield Price
(Viss/acre) (Ks/Viss)
1965 - - -
1966 2658 77.10 1,55
1967 2341 47,85 1,55
Average 2499.5 62.47 1.55
Cotton With Irrigation
Year Cultivated Area Yield Cultivated Area
(Monsoon Acres) (Viss/Acre) (Winter Acres)
V Yield Price
(Viss/Acre)(Ks/Viss)
1968-69 2860 95.85 - 3.5
1969-70 2336 55.00 184 60.1 3.5
1970-71 5579 53.80 - 3.5
1971-72 7053 20.36 69 80.85 3.5
1972-73 6121 43.05 2548 69.29 3.5
1973-74 3662 65.28 3034 142.19 3.5
1974-75 3865 81.90 3703 73.86 3.5
1975-76 3804 90.32 3560 91.50 7.0
1976-77 4026 114.80 3561 100.26 7.0
*Average 3898.3 95 .67 3608 88.54 5.6
Item With Irrigation Without Irrigation
1. Cultivated area (acres) 7506.3 2499.5
2. Yield (V iss/acre) 95.67** 62.47
3. Price (Ks/Viss) 5.6 5.6
4. Gross value of crop production (’000 Ks.) 4064.60 874.4
5. Production cost ('000 Ks.) 1538.79 301.56
6. Net value (’000 Ks.) 2525.81 572.84
7. Farm labour cost (’000 Ks.) 750.6 142.47
8. Direct irrigation benefits 1775.21 430.37
Source; Irrigation Department, Kyet-mauk-taung.
*Note. The last three years with irrigation is taken as comparison with 
the three years without irrigation. Also for comparison, a 
constant price is used.
** Average of monsoon crop yield rate is taken as yield rate for
irrigated cotton because winter yield rates in the first five 
years of the project were unstable and in later years are 
approaching monsoon yield rates.
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TABLE 7 .3
Groundnut Without  I r r i g a t i o n
Year C u l t i v a t e d  Area Y ie ld P r i c e
(Acres) (Basket/Acre)  (Kyat/Baske t)
1965 4288 9.51 6 .0
1966 4320 15.00 6 .0
1976 4210 25.23 6 .0
Average 4272.66 16.45 6 .0
With I r r i g a t i o n
Year C u l t i v a t e d  Area Y ie ld C u l t i v a t e d  Area Yield P r i c e
(Monsoon) (B aske t /
Acre)
(Winter) (B ask e t /  (Kyat/  
Acre Basket
1968-69 5494 40.00 - 6.00
1969-70 5692 36.00 1211 25.23 6.00
1970-71 2075 40.00 6000 40.00 7.00
1971/72 6812 20.00 - 6.00
1972-73 5479 18.00 - 7.00
1973-74 3809 21.00 - 55.00
1974-75 3975 20.70 - 45.00
1975-76 4386 8.00 66 9 .99  45.00
1976-77 3612 6.50 - 45.00
Last 3 -y e a r  
av e rage  3991.0 11.73 - 45.00
Item With I r r i g a t i o n Without  I r r i g a t i o n
1. C u l t i v a t e d  a r e a  ( a c re s 3991.0 4272.66
2. Y ie ld ( b a s k e t / a c r e ) 11.73 16.45
3. P r i c e (K s/baske t ) 45.00 45.00
4. Gross va lu e  o f  crop p r o d u c t i o n  
( ’000 Kyats) 2106.64 3162.83
5. P ro d u c t io n  c o s t s  ( '000  Ks. ) 618.60 519.13
6.  Net v a l u e  ( ’000 Ks.) 1488.04 2643.70
7. Farm la b o u r  cos t 239.46 247.80
8. D i r e c t  i r r i g a t i o n  b e n e f i t s 1248.58 2395.90
Source:  I r r i g a t i o n  Department ,  K ye t -mauk- taung .
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TABLE 7.4
Paddy Without Irrigation
Year Cultivated Area 
(Acres)
Yield
(Basket/Acre)
Price
(Ks/Basket)
1965 2366 13.27 2.0
1966 1227 12.85 3.0
1967 881 13.41 3.0
Average 1491.3 13.7 3.0
With Irrigation
Year Cultivated Area Yield Cultivated Area Yield Price
(Monsoon) (Basket/ (Winter) (Basket/ (Ks/Baskei
Acre) Acre)
1968-69 631 22.7 - 3.0
1969-70 3298 22.78 - 5.0
1970-71 4214 3406 - 6.0
1971-72 5254 34.08 - 6.0
1972-73 4235 20.33 - 6.0
1973-74 4997 25.44 - 10.0
1974-75 4581 22.50 - 10.0
1975-76 5694 31.79 - 10.0
1976-77 4117 44.34 - 10.0
Last 3-year
average 4797.3 32.87 10.0
Item With Irrigation Without Irrigation
1. Cultivated area (acres) 4797.3 1491.3
2. Yield (Basket/acre) 32.87 13.17
3. Price (Ks/basket) 10.00 10.00
4. Gross value of production
('000 Ks .) 1576.87 196.40
5. Production cost (’000 Ks.) 383.79 33.55
6. Net value (’000 Ks.) 1193.08 162.85
7. Farm labour cost (’000 Ks.) 575.67 101.70
8. Direct irrigation benefits 617.41 61.15
Source: Irrigation Department, Kyet-mauk-taung.
TABLE 7.5
Gross Value of Agricultural Produce With 
and Without Irrigation ('000 Ks.)
Value of Agricultural 
Produce Without Irrigation With Irrigation
1. Cotton 874.40 4064.60
2. Groundnut 3162.83 2106.64
3. Paddy 196.40 1576.87
Total gross value of 
agricultural produce 4233.63 7748.11
Net Value
TABLE 7.6
of Produce With and Without
Irrigation ('000 Ks.)
Net Value of Produce 
(’000 Ks.) With Irrigation Without Irrigation
1. Cotton 1775.21 430.37
2. Groundnut 1248.58 2395.90
3. Paddy 617.41 61.15
Total net value of produce 3641.20 2887.42
7.2 Discounting of Benefits and Costs
When benefits and costs are to be discounted in the calculation of 
benefit cost ratio on the internal rate of return, it becomes important 
to determine the length of the entire economic life of the project.
It could not be considered unlimited even if the physical components of the 
the project is well maintained. In estimating the whole technical life, 
the silting of the reservoir, major and minor replacements and other 
requirements will have to be taken into account. It is further assumed 
that its economic life would be shorter than its technical life. Since 
the present value of benefits or costs which may be realized in the 
distant future are expected to be very low even at any reasonable rate of 
discount, it is considered unnecessary to carry out any calculations
92.
beyond a period of 40 years after the completion of the project.
Therefore, the entire economic life of the project is estimated to be 
40 years.
In order to aggregate all benefits and costs over the entire life 
of the project, it is necessary to convert future benefits and costs to 
their present values through the use of a reasonable rate of discount.
It will have to represent the time preference of present consumption 
over future consumption which is reflected by the society. If benefits 
and costs are considered from the national point of view, the relevant 
rate of discount may be called the social rate of discount.
As Burma had experienced three official bank rates which are 
3 per cent, 6 per cent and 8 per cent throughout the years from the 
early sixties to the late seventies, it is assumed that these bank 
rates represent the social time preference, which may further be 
regarded as the social rates of discount. The Burmese economy is largely 
a managed economy. Therefore, in the computation of the net present 
values of the project, benefits and costs may be discounted with three 
different social rates of discount.
Table 7.7 shows benefits and costs by year at market prices. Labour 
used during the periods of construction is divided into skilled and 
unskilled labour, where the former represents engineering and other 
technical staff employed in the project. Similarly, farm labour can 
also be categorized into family unskilled labour and hired labour.
In Table 7.8, direct net benefits are discounted by 4 per cent 
and 5 per cent rate of discount, which produces the zero net present 
value. The computed internal rate of return is 4.11 per cent, which is 
higher than the previous official bank rate (3 per cent) or the interest 
rate charged on the Soviet loan, but lower than the present bank rate 
(8 per cent) . As statistical data for both benefits and costs are only 
available up to the year 1976-77, expected future costs and benefits 
for the entire project life of 40 years are computed on the basis of 
average of these years.
Table 7 .7b represents the discounted values of benefits and costs 
using social rates of discount of 3 per cent, 6 per cent and 8 per cent.
According to the UNIDO method, the net present worth of the project 
will be expressed in terms of net aggregate consumption. Annual 
principal repayment of the Soviet loan, together with its interest charges 
and payments like irrigation fees, may be regarded as transfer flows.
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TABLE 7.7b
Discounted Benefits and Costs at Market Prices*
Social Rate of Discount
3% 6% 8%
1. Benefits ('000 Ks.)
Value of crop production 141067.1 64560.9 42982.5
2. Construction cost (’000 Ks.) 49409.1 43139.8 39822.0
(a) unskilled labour 30416.8 26306.5 24104.1
(b) skilled labour
(c) domestic materials
1907.8 1565.8 1635.6
(d) foreign exchange 17084.4 15167.5 14082.3
3. Operation and maintenance cost (’000 Ks. ) 4777.3 2380.9 1758.8
(a) unskilled labour 3821.8 1904.7 1407.0
(b) other repairs 955.5 476.2 351.8
4. Farmer agricultural costs ('000 Ks.) 
(a) cost of commodities and
65908.9 32812.1 21961.8
services 23873.0 14244.6 9403.0
(b) cost of farm labour 42035.9 18567.5 12558.8
(b.l) family unskilled labour 16814.3 7427.0 5023.5
(b.2) hired unskilled labour 25221.6 11140.5 7535.3
* Value of crop production and farmers crop production. Costs are aggregated 
from Tables 7.2-7.6.
TABLE 7 .8
I n t e r n a l  R ate  o f  R e t u r n  ( IRR )*
G ro s s  C o s t s G ro s s  B e n e f i t s 4 P e r  Cent Net B e n e f i t s D i s c o u n t e d  
V a lue  (4%)
6 P e r  C en t D i s c o u n te d  
V a lue  (5%)
1. 1189 - 0 .961 - 1189 - 1 1 41 .4 0 .9 5 2 - 1129 .5
2. 2529 - 0 .9 2 4 - 2529 - 2 3 26 .6 0 . 9 0 7 - 2276.1
3. 4348 - 0 .8 8 8 - 4348 - 3 8 2 6 .2 0 .8 6 3 - 3 7 3 9 .2
4. 8592 - 0 .8 5 4 - 8592 - 7 3 0 3 .2 0 .8 2 2 - 7045 .4
5. 29061 - 0 .821 - 29061 - 2 3 8 3 0 .0 0 . 7 8 3 - 2 2667 .5
6 . 11095 - 0 . 7 9 0 - 11095 - 8 7 6 5 .0 0 . 7 4 6 - 8 2 1 0 .3
7. 195 - 0 .7 5 9 - 195 146 .25 0 .7 1 0 138 .4
8. 1 7 8 1 .6 4745 .8 0 .7 3 0 2964 .2 + 2163 .9 0 .676 + 2 0 0 3 .8
9 . 2 127 .2 3326 .5 0 .7 0 2 1 199 .3 8 3 9 .5 0 .644 77 2 ,3
10. 3 2 2 6 .8 5 444 .5 0 . 6 7 5 2 2 1 7 .7 1 4 96 .9 0 .6 1 3 1359 .5
11. 2 9 8 9 .6 4106 .1 0 .6 4 9 1 1 16 .5 7 2 4 .6 0 .5 8 4 6 5 2 . 0
12. 3038 .7 6 2 8 6 .9 0 .6 2 4 3 248 .2 2 026 .9 0 .5 5 6 1 8 05 .9
13. 4 1 7 0 .3 10477 .7 0 .6 0 0 6 3 0 7 .4 3 784 .4 0 .5 3 0 3342 .9
14. 7 2 9 9 .0 1 0454 .5 0 .5 7 7 3 1 55 .5 1 8 2 0 .7 0 .5 0 5 1593 .5
15. 8 6 3 8 .6 1 0818 .0 0 .5 5 5 2179.4 1 2 0 9 .6 0 .481 1046.1
16. 5 8 5 2 . 0 7 0 9 1 .7 0 . 5 3 3 1239 .7 6 5 7 . 0 0 .4 5 8 56 7 .8
17. 4 0 0 0 . 0 8 0 0 0 .0 0 . 5 1 3 4 0 0 0 .0 2 0 5 2 .0 0 .4 3 6 1744 .0
18. - - 0 .4 9 3 1 9 7 2 .0 0 .4 1 5 1660 .0
19. - - 0 .4 7 4 1 896 .0 0 .3 9 5 1580 .0
20. - - 0 .4 5 6 1 8 24 .0 0 .3 7 6 1 5 0 4 .0
21. 0 .4 3 8 1 7 52 .0 0 .3 5 8 1 4 3 2 .0
22. 0 .4 2 1 1 6 8 4 .0 0 .341 1 3 6 4 .0
23. 0 .4 0 5 1 6 20 .0 0 .3 2 5 1 3 0 0 .0
24 0 .390 1560 .0 0 . 3 1 0 1 2 4 0 .0
25 0 .3 7 5 1500 .0 0 .2 9 5 1 1 8 0 .0
26 0 .3 6 0 1 4 4 0 .0 0 .2 8 1 1124 .0
27 0 . 3 4 6 1384 .0 0 .2 6 7 1 068 .0
28 0 . 3 3 3 1 3 3 2 .0 0 .2 5 5 1 0 2 0 .0
29 0 .3 2 0 1 2 80 .0 0 .2 4 2 9 6 8 .0
30 0 .3 0 8 1 232 .0 0 .231 9 2 4 .0
31 -34 4 9 2 8 .0 3 5 9 6 .0 -
35 0 . 2 5 3 1 012 .0 0 .181 7 2 4 .0
56 -39 0 .2 5 3 4 0 4 8 .0 2 896 .0
40 0 .2 0 8 8 3 2 .0 0 .1 4 2 5 6 8 .0
♦ 7 3 2 ,9  - 6 0 7 0 .6
No g e s t a t i o n  p e r io d  i s  al lowed in  computing t h i s  t a b l e .  Th is  amounts t o  
p r e p a r i n g  an e x -a n t e  p r o j e c t  a p p r a i s a l  i f  i n fo rm a t io n  on c o s t s  and 
b e n e f i t s  were a v a i l a b l e .  Thus we have d i s co u n ted  c o s t s  and b e n e f i t s  
from y e a r  1.
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However, i n  the p r e s e n t  c o n s i d e r a t i o n ,  i r r i g a t i o n  f e e s  are zero payments ,  
s i n c e  t h e r e  a r e  no charges  made by the p r o j e c t .  As f o r  o t h e r  t r a n s f e r  
f low s ,  t h e s e  may not  e n t e r  i n t o  t h e  ag g re g a te  consumption computat ions  
simply because  th e s e  r e p r e s e n t  t r a n s f e r  f lows from one group to  an o th e r  
and t h e r e f o r e  have no e f f e c t  on t h e  a g g re g a te  consumption.
The market va lue  o f  n e t  a g g re g a te  consumption b e n e f i t s  o f  the  
p r o j e c t  can be computed accord ing  t o  the  formulae shown below.
MC = (1) Value o f  a g r i c u l t u r a l  p r o d u c t i o n  
Less - (2) C o n s t ru c t io n  c o s t s
(3) O pe ra t ion  and maintenance  c o s t s
(4) Farmer a g r i c u l t u r a l  c o s t s .
MC r e p r e s e n t s  the  n e t  ag g re g a te  consumption b e n e f i t s  a t  market  
p r i c e s .  For t h r e e  d i f f e r e n t  s o c i a l  r a t e s  o f  d i s c o u n t ,  the  n e t  a g g re g a te  
consumption a t  market  p r i c e s  can be seen as below.
S o c ia l  Rate o f  Discount Net Aggregate Consumption (MC)
1 . 3% 20971.8
2. 6% - 13771.9
3. 8% - 20560.0
T h e r e f o re ,  i t  i s  obvious t h a t the  n e t  ag g re g a te  consumption shows
p o s i t i v e  va lue  on ly  f o r  the  s o c i a l r a t e  o f  d i s c o u n t  o f  3 p e r  c e n t  while
f o r t h e  r e s t  i t  i s  n e g a t iv e . S i m i l a r l y ,  d i f f e r e n t  b e n e f i t - c o s t  r a t i o s
can a l s o  be computed.
S o c i a l  Rate o f  Discount B e n e f i t - C o s t  R a t io s
1 . 3% 1.17
2. 6% 0.82
3. 8% 0.67
I t  i s  now obvious  t h a t  only f o r  a low r a t e  o f  d i s c o u n t ,  the  p r o j e c t  
seems to  have a p o s i t i v e  n e t  p r e s e n t  v a lu e  and a b e n e f i t - c o s t  r a t i o  
g r e a t e r  than  one.  For the  o t h e r  r a t e s  o f  d i s c o u n t ,  th e  p r o j e c t  cannot  
be r e g a rd e d  as f i n a n c i a l l y  sound.  Note t h a t  we have used th e  market  
p r i c e s  (which a re  l a r g e l y  a d m in i s t e re d  p r i c e s  i n  Burma) f o r  v a l u a t i o n  of  
c o s t s  and b e n e f i t s  and no i n d i r e c t  e f f e c t s  a re  taken  i n t o  account .
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7.3 Estimation of the National Parameters
Shadow Price of Foreign Exchange. Burma, like many other developing 
countries, has been facing a balance of payments problem for the last 
twenty years. In such a situation the official exchange rate may not 
represent the true value of foreign exchange earned or spent. For the 
valuation of the real value of foreign exchange, it becomes necessary to 
make adjustments by using an appropriate premium on the official exchange 
rate.
For the past two decades, the government was struggling to maintain 
the dollar value of the Kyat, the local currency. In other words, the 
government was exercising import controls where major imports were mostly 
capital goods rather than consumer goods. During the late 1960s and 
1970s the government was strongly pushing ahead with a strategy of 
industrialization through development of heavy industry and import 
substitution. As consumer goods were considered less essential than 
capital goods, there was a tendency of less imports of these goods. As 
a result, there appeared an illegal black market where most consumer goods 
were smuggled into the country from the Thai border.
Obviously, it was clear that an American dollar or other foreign 
currency in exchange is worth substantially more than 7 Kyats which is 
the current official exchange rate. Therefore, in the social analysis of 
the project, the opportunity cost of foreign exchange relative to its 
official exchange rate can be expressed as (1 + 0), where 0 represents 
the foreign exchange premium.
There is still another important consideration which has to be kept 
in mind in the social analysis. It was believed or assumed that during 
those days when the Soviets agreed to sell their machinery and other 
equipment needed for the project, the prices for these were subsidized 
by a certain percentage. However, taking into consideration all possible 
effects for the need of a shadow price of foreign exchange, it is clear 
that there is a need for a positive premium to be attached to the foreign 
exchange cost component of the project.
According to the UNIDO, there is a simple formulae for calculating 
an average shadow exchange rate which is as follows:
+ Ti) + (X + Si) 
M + XSER = OER
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where,
SFR =
SER = 
OER = 
M = 
X = 
Ti = 
Sx =
npn (M + Ti) + (X + Si)
M + X
shadow exchange rate 
official exchange rate 
c.i.f. of value of imports 
f.o.b. value of exports 
import tax revenues 
export subsidies
The above shows the standard conventional formulae. However, instead 
of the above formulae, a standard conversion factor is used by the World 
Bank for the valuation of non-traded goods to be compatible with the 
traded ones. The standard conversion factor may be defined as follows:
SCF X + MX + Si + M + Ti
where, SCF = standard conversion factor. The other variables are the same 
as the above formulae. Using this formulae, and substituting all 
necessary values, the standard conversion factor worked out to be 0.80.*
According to the basic formulae, the relationship between the 
shadow exchange rate (SER) and the standard conversion factor (SCF) is 
defined as below:
SER = OER ■ yrp-- SCF
where the ratio of (SER) and (OER) can also be shown as:
SER _ 1 _ 1 _ , 2s
OER SCF 0.80
This implies that there is a need of a premium of 25 per cent to be 
attached to the foreign exchange component of the project.
Social Rate of Discount. As noted earlier, benefits and costs 
will have to be discounted with an appropriate rate of discount, which 
would reflect the true social preferences of the country. There are, of 
course, ideal formulas for working out the social rate of discount which
* A similar study was conducted by Sinka and Bhatia in "Economic 
Appraisal of Irrigation Projects in India". A value of SCF = 0.86 
has been used by the World Bank in the evaluation of irrigation 
projects in India. It is assumed that a similar SCF could also be 
used in the evaluation of irrigation projects in Burma. This is the 
best estimate available for use in our project in Burma in the absence 
of Burmese data to enable us to estimate our own. For procedures used 
see Bhatia and Sinha (1982).
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may in c l u d e  the  growth r a t e  o f  p e r  c a p i t a  consumption,  the  e l a s t i c i t y  o f  
d im in i s h in g  m arg ina l  u t i l i t y  o f  consumpt ion  and f i n a l l y  t h e  pure time 
p r e f e r e n c e .  S ince  t h e s e  economic i n d i c a t o r s  a r e  n o t  a v a i l a b l e  f o r  the  
Burmese economy and d a t a  a r e  n o t  a v a i l a b l e  to  compute i t ,  the  o f f i c i a l  
bank r a t e s  rang ing  from th e  e a r l y  1960s t o  t h e  p r e s e n t  p e r io d  a r e  taken  
i n t o  accoun t  as  the  s o c i a l  r a t e s  o f  d i s c o u n t .  As Burma i s  l a r g e l y  a 
command economy and th e se  o f f i c i a l  bank r a t e s  be ing  in t ro d u c e d  on n a t i o n a l  
economic c i r c u m s ta n c e s ,  t h e s e  r a t e s  a re  b e l i e v e d  to  r e p r e s e n t  th e  
c o l l e c t i v e  p r e f e r e n c e s  o f  t h e  c o u n t ry  as a whole.  In t h e  p r e s e n t  s tudy ,  
th e  o f f i c i a l  bank r a t e s  o f  3 p e r  c e n t ,  6 p e r  c e n t  and 8 p e r  cen t  w i l l  be 
r ega rded  as th e  s o c i a l  r a t e s  o f  d i s c o u n t .
Shadow P r i c e  o f  I n v e s t m e n t . In Burma, l i k e  many deve lop ing  c o u n t r i e s ,  
the  l e v e l  of  sav ings  inves tm en t  cannot  be assumed as o p t i m a l .  T h e re fo re ,  
i t  i s  c o n s id e re d  t h a t  the  market  v a l u e  and th e  s o c i a l  v a lu e  of  inves tment  
cannot  be the  same, and hence t h e r e  i s  a need to  c a l c u l a t e  the  shadow p r i c e  
o f  in v e s tm e n t .  I t  may be d e f in e d  as the  p r e s e n t  va lu e  o f  a d d i t i o n a l  
consumption g e n e ra te d  by a u n i t  o f  in v e s tm e n t .  A fo rmulae  f o r  t h i s  i s  
shown a s  below:
INV (1 - s )q  
i  - sq
where,  _ s |iacjow p r i ce 0 f  inves tm en t
S = m arg ina l  r a t e  o f  r e in v e s t m e n t  o f  
p r o f i t s  i n  t h e  economy
q = m arg ina l  r a t e  o f  r e t u r n  on inves tm en t
i  = s o c i a l  r a t e  o f  d i s c o u n t .
I t  may be no ted  t h a t  the  shadow p r i c e  o f  in ves tm en t  i s  d e f in e d  as a 
f u n c t i o n  of  o p p o r t u n i t y  c o s t  o f  c a p i t a l ,  r a t e  o f  r e in v e s t m e n t  and the  s o c i a l  
r a t e  o f  d i s c o u n t .
As f o r  th e  economy as a whole,  the  m a rg ina l  r a t e  o f  r e t u r n  on 
in ves tm en t  and th e  m arg ina l  r a t e  o f  r e in v e s t m e n t  o f  s t a t e  p r o f i t s  i s  
assumed to be 10 p e r  cen t .*  Using t h i s  and th e  s o c i a l  r a t e s  o f  d i s c o u n t  
of  th e  shadow p r i c e  o f  inves tm en t  can be computed as below:
(a) f o r  3 p e r  c e n t  s o c i a l  r a t e  o f  d i s c o u n t :
INV (1 - s ) q 
i  - sq
(1 - 0 . 10 ) ( 0 . 10 )
(0 .03)  - (0 .1 0 3 (0 .1 0 )
= 4.5
S ince  Burmese economy i s  l a r g e l y  a managed economy the  c u r r e n t  r a t e  
used i n  Burma i s  10 p e r  c e n t .  Th is  r a t e  i s  c o n s id e re d  r e a s o n a b le  
f o r  our  p u rp o s e .
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(b) f o r  6 p e r  cen t  s o c i a l  r a t e  o f  d i s c o u n t :
pINV = (1 - S)g 
i  - sq
(1 - 0 . 10 ) ( 0 . 10 )
( 0 . 06) - ( 0 . 10) ( 0 . 10)
=  1 .8
(c)  f o r  8 pe r  c en t  s o c i a l  r a t e  of  d i s c o u n t :
INV = (1 - S)q 
i  - sq
(1 - 0 . 10 ) ( 0 . 10 )
( 0 . 0 8 ) - ( 0 . 10) ( 0 . 10)
= 1 .2 8
The shadow p r i c e  of  inve s tm en t  may v a r y  over  t ime due to  t h e  p r e s e n t  
and f u t u r e  r a t e s  o f  marg ina l  p r o d u c t i v i t y  o f  in v e s tm en t  and s a v in g s .
As i t  i s  obvious  from t h e  above c o m pu ta t ions ,  t h e  shadow p r i c e  o f  inves tment  
may a l s o  va ry  i n d i r e c t l y  w i th  t h e  s o c i a l  r a t e  o f  d i s c o u n t .  In th e  p r e s e n t  
c a s e - s t u d y ,  th e  n a t i o n a l  p a r a m e te r s ,  S and q ,  a r e  c o n s id e re d  as c o n s t a n t s ,  
l e a v in g  the  only  v a r i a t i o n  with  t h e  s o c i a l  r a t e  o f  d i s c o u n t .  I t  i s  c l e a r  
t h a t  w i th  a h ig h e r  s o c i a l  r a t e  o f  d i s c o u n t ,  t h e  shadow p r i c e  o f  inves tm en t  
tends  t o  be low. Unlike the  shadow p r i c e  o f  f o r e i g n  exchange or  any o t h e r  
a c c o u n t in g  p r i c e s ,  i t  i s  r e l a t e d  to  th e  economy as a whole,  and not  to  
th e  c h a r a c t e r i s t i c s  o f  the  p r o j e c t  in  concern .
Shadow P r ice  o f  Labour.  The Kyet-mauk-taung p r o j e c t  had in c re a s e d  
employment of  l a bou r  e s p e c i a l l y  u n s k i l l e d  l a b o u r  d u r ing  i t s  p e r io d  of  
c o n s t r u c t i o n  as  w ell  as  a f t e r  i t s  com ple t ion .  One o f  t h e  ways in which 
employment of  u n s k i l l e d  l a b o u r  can be seen from t h e  s o c i a l  p o i n t  of  view 
i s  to  compute th e  shadow p r i c e  o f  l a b o u r  or  t h e  shadow wage r a t e .
I t  i s  c l e a r  t h a t  in  Burma and i n  o t h e r  deve lop ing  c o u n t r i e s  t h e r e  
a re  d i s t o r t i o n s  in  the  la bour  m a rk e t ,  i n  a s ense  t h a t  t h e r e  i s  unemployment 
o r  underemployment o f  l a b o u r .  Hence, the  market  wage r a t e  may n o t  equal  
t h e  s o c i a l  o p p o r t u n i t y  c o s t  o f  l a b o u r .  In  t h e  c a l c u l a t i o n  o f  t h i s  shadow 
wage r a t e ,  some o f  the  im por tan t  f a c t o r s  needed to  be c o n s id e re d  a r e  
(a) t h e  a g r i c u l t u r a l  or  any o u tp u t  fo regone  in  th e  economy o r  th e  r e g io n  
on accoun t  o f  employing labou r  on t h e  p r o j e c t ,  and (b) th e  a d d i t i o n a l  
c o s t  o f  consumption when la b o u r  i s  employed o r  in  o t h e r  words th e  a d d i t i o n a l  
c o s t  i n  terms o f  i n c re a s e d  a g g re g a te  consumption.
In  t h e  p r e s e n t  s tu d y ,  t h e  ou tp u t  foregone  in  th e  r e g io n  was so l i t t l e  
t h a t  i t  has t o  be ignored  and hence may be r e g a rd e d  as  z e ro .  I t  i s  f u r t h e r
100.
believed that farmers in the area would be totally unemployed in the absence 
of the dam. Therefore, the opportunity cost of labour is assumed to be 
negative, which implies that it is below the level of market wage rate.
The formulae for the shadow wage rate is defined as below:
SWR = M + S (PINV - 1) W 
where, SWR = shadow wage rate
M = the marginal product in past employment 
or output foregone
S = rate of savings from profit
INVP = shadow price of investment
W = market wage rate or construction wage rate
For the unskilled labour or for the farmers in the project region, 
the rate of saving from profit is assumed to be no more than 10 per cent, 
which implies that nearly 90 per cent of their agricultural income or 
wages is spent on consumption. In extreme cases, it could also be assumed 
that unskilled workers spent all their wages on consumption so that 
their savings is zero. Since those unemployed or underemployed farmers 
had turned out to be unskilled labour for the project, it may be safely 
assumed that they may have the same rate of savings like the farmers.
Hence, using the rate of savings as 10 per cent, the shadow price of 
investment as 1.8 and the construction wage rate to be 6 Kyats, the 
shadow wage rate is worked out as follows:
INVSWR = M + S (P - 1) W 
= 0 + 0.10 (1.8 - 1) 6 
= 0.48
The above implies that the shadow wage rate is to be regarded as 
48 per cent or 50 per cent of the market wage rate.
The government had also employed agricultural extension staffs 
in the project area after its completion, where their contribution of 
service to the area may be assumed as nearly twice their labour wage.
As noted earlier, there are about 50 acres of state farms and another 
50 acres of co-operative farms, where these extension people are 
employed. They may be regarded as skilled labour and the role in which 
they played is of vital importance to the area. However, their labour 
wages are considered as transfer flows and will not be included in the 
net aggregate consumption. On the other hand, skilled labour during 
and after the project is assumed that the value of services contributed 
is worth according to the actual market wage. Hence, it is regarded as
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unnecessary to attach any premium to skilled labour.
In the evaluation of the present project, various national parameters 
are needed and for the sake of simplicity, many of these are assumed to 
remain constant throughout the entire life of the project. In this 
context, the marginal propensities to save for farmers as well as 
unskilled labour are assumed to remain constant at 10 per cent. While 
on the other hand, the marginal rate of return on investment and the 
marginal rate of reinvestment of state profits are also assumed to remain 
constant as 10 per cent. In addition to this, the marginal propensity 
of the government to save is assumed to be 1.0, which implies that the 
government is in a strong position to invest. According to the above 
assumptions, a table for the national parameters may be shown as below.
TABLE 7.10 
National Parameters
1. Shadow price of unskilled labour h 0.50
2. Foreign exchange premium 0 = 0.25
3. Marginal rate of return on investment q = 0.10
4. Marginal rate of reinvestment of
state profits s = 0.10
5. Social rates of discount i z: 3%, 6%, 8%
6. Shadow price of investment p I N V = 4.5, 1.8, 1.28
7. Marginal propensity to save for Ffarmers S z= 0.10
8. Marginal propensity to save for Tunskilled labour s L =: 0.10
9. Marginal propensity to save for
the government sb 1.0
7.4 Valuation of Crop Production
In addition to the national parameters above, the social benefit-cost 
analysis of the Kyet-mauk-taung project would also require a number of 
shadow prices for some major crops like cotton, paddy and pulses. All 
these commodities are not traded goods; in a sense that these are not 
exported nor imported. There are, in fact, tradable commodities which 
are being consumed domestically in the region. However, if these are 
regarded as tradable commodities their respective shadow prices could be 
calculated on the basis of (a) the c.i.f. or the f.o.b. prices, (b) the 
shadow price of foreign exchange, and (c) the costs of transport,
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processing, storage or handling in the domestic market.
Burma at present is a net exporter of rice and on the other hand 
a net importer of cotton. Hence, the f.o.b. or the c.i.f. prices of rice 
and cotton may be considered as their respective economic prices. These 
prices are based on available export and import prices published in the 
'Agricultural Statistics, 1979-80'. Since these prices had changes in the 
last decade or so, it would be fairly difficult to forecast any possible 
price changes in the future. On the other hand, it may also be important 
to take into consideration the price changes of particular agricultural 
inputs. However, on account of empirical difficulties, it may be 
assumed that changes in the prices of major outputs will be offset by 
changes in inputs and hence will leave the results of social benefit-cost 
analysis un-influenced.
Although economic prices for traded commodities like rice and 
cotton are based upon their border prices, economic prices for non-traded 
commodities like groundnut and sesamum can be derived by applying a food- 
grain conversion factor (FCF) to their financial prices. The FCF can be 
estimated using the quantity exported or imported, the financial prices 
and the economic prices. Its formulae can be seen as follows:
(Q rice x PE rice) + (Q cotton x PE cotton)
(Q rice x PF rice) + (Q cotton x PF cotton)
where, Q = quantity exported or imported
PE = economic prices
PF = financial prices
Using the data of exports, imports, financial prices and economic 
prices of the mentioned crops, the FCF may be worked out as below.*
(369 x 1392.7) + (164 x 7591.4)
(369 x 530) + (164 x 4355)
= 1.9
Therefore in the social valuation of total output of the project 
as a whole, it may be revalued with a FCF value of 1.9. Formerly, the 
valuation of total crop production attributable to irrigation water is 
done with market prices or administered prices fixed by the government.
* In the year 1978-79, Burma exported 369 thousand tons of rice at an 
economic price of Ks. 1392.7 per ton and its respective financial 
price is Ks. 580 per ton. In the same year, the country imported 
164 thousand tons of raw cotton with economic prices of Ks. 7591.4 
per ton. The financial price for cotton in that year was Ks. 4355 
per ton.
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However, it is assumed that these administered prices fail to reflect the 
true consumers' willingness to pay. This is mainly because of the 
existence of the illegal black market for agricultural products. Therefore, 
there is a need for an adjustment of these prices. Hence, a shadow price 
multiplier higher than that of market prices may be used in the social 
valuation of total crop production.
It may be mentioned that the valuation of output at export or import 
prices must be adjusted by the shadow price of foreign exchange and 
domestic transport costs. The shadow price of foreign exchange is 
already computed as 1.25 and if we further assume that for both crops 
the domestic transport costs are Ks. 300 per ton, the adjusted shadow
prices may be shown as below:
Commodities Market Prices 
(Ks./ton)
Shadow Prices 
(Ks./ton)
Shadow Price 
Multiplier
1. Rice 1392.7 2040.8 1.46
2. Cotton 7591.0 9788.75 1.29
Therefore from the above calculations an average shadow price 
multiplier of 1.40 may be used in the social value of total crop produce.
7.5 Social Benefit-Cost Analysis of the Project
In the social benefit-cost analysis of the Kyet-mauk-taung project, 
there will be three commonly used decision criterions in the evaluation 
process. They are (a) net present value (NPV) or the net present worth, 
(b) benefit cost ratio or the B/C ratio, and (c) the internal rate of 
return (IRR). In the financial analysis, the conventional method is of 
evaluating benefits and costs valued at their market prices. In the 
social benefit-cost analysis, these market prices may be substituted 
by appropriate shadow prices so that the project is evaluated in terms 
of adjusted market prices which may reflect the true socio-economic 
conditions of the country.
On the benefits side, the total value of crop production is to be 
adjusted by a shadow price multiplier of 1.40. On the other hand, i.e. 
on the costs side, the foreign exchange cost component may be adjusted 
upwards by a foreign exchange premium of 25 per cent while as the 
unskilled labour component of before and after the project may be 
adjusted downwards by 50 per cent of the market wage rate. The table 
below shows the value of crop production, construction cost operation 
and maintenance costs and farmer agricultural costs in terms of their 
shadow prices.
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TABLE 7.11
P r e s e n t  S o c ia l  Value o f  B e n e f i t s  and Costs  a t  Shadow P r i c e s
Items S o c ia l  Rate o f Discount
1. B e n e f i t s 3% 6% 8%
P r e s e n t  va lue  o f  crop  
p r o d u c t i o n  ( '000  Kyats) 197493.94 90385.26 60175.5
P r e s e n t  Value o f  Costs
2. C o n s t r u c t i o n  c o s t s
(a) U n s k i l l e d  Labour 15208.4 13153.25 12052.05
(b) S k i l l e d  labou r 1907.8 1665.8 1635.6
(c) Fore ign  exchange compound 21355.5 18959.3 17602.8
3. O pe ra t ion  and Maintenance
(a) U n s k i l l e d  l a b o u r 1910.9 952.35 703.5
(b) Other  main tenance  c o s t s 955.5 476.2 351.8
4. P r e s e n t  Value o f  Farmer 
A g r i c u l t u r a l  Costs
(a) Cost  o f  commodit ies  and 
s e r v i c e s 23873.0 14244.6 9403.0
(b) Cost  o f  farm lb o u r 21017.95 9283.75 6279.4
( b . l )  Fami ly u n s k i l l e d  l a b o u r  8407.15 3713.5 2511.75
(b .2 )  H ired  u n s i l l e d  labou r 12610.8 5570.25 3767.65
S u b - t o t a l 44890.95 23528.35 15682.4
P re s e n t  Value o f  Net B enef i t 111264.89 31650.01 12147.35
From th e  above t a b l e ,  t h e  ne t  p r e s e n t  v a l u e  (NPV) and th e  b e n e f i t - c o s t  
r a t i o s  f o r  th e  t h r e e  d i f f e r e n t  s o c i a l  r a t e s  o f  d i s c o u n t  can be computed. 
I t  may be seen t h a t  f o r  a h ig h e r  s o c i a l  r a t e  o f  d i s c o u n t ,  the  n e t  p r e s e n t  
v a lu e  on th e  b e n e f i t - c o s t  r a t i o  t e n d s  t o  be lower .  A comparison f o r  bo th  
economic c r i t e r i o n s  can be seen in  th e  t a b l e s  below. I t  i s  im por tan t  t o  
no te  t h a t  t h e r e  l i e s  a s i g n i f i c a n t  d i f f e r e n c e  w i th  t h e  s o c i a l  r a t e s  o f  
d i s c o u n t  of  6 p e r  c e n t  and 8 pe r  ce n t  which a r e ,  i n  f a c t ,  the  c u r r e n t  
o f f i c i a l  bank r a t e s .
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TABLE 7.12
Net P r e s e n t  Value ( '000  Ks.)
Items Market P r i c e s Shadow P r i c e s
1. Net 
(3%
p r e s e n t  va lue
s o c i a l  r a t e  o f  d i scoun t ) 20971.8 111264.89
2. Net 
(6%
p r e s e n t  va lue
S o c i a l  r a t e  o f  d i s c o u n t ) - 13771.9 31650.01
3. Net 
(8%
p r e s e n t  va lue
s o c i a l  r a t e  o f  d i scoun t ) - 20560.1 12147.35
TABLE 7..13
B e n e f i t -C o s t Rat io
I terns Market P r i c e s Shadow P r ic e s
1. B e n e f i t - c o s t  r a t i o
(3% s o c i a l  r a t e  o f  d i s c o u n t ) 1.42 3.89
2. B e n e f i t - c o s t  r a t i o
(6% s o c i a l  r a t e  o f  d i s c o u n t ) 0.68 1.93
3.  B e n e f i t - c o s t  r a t i o
(8% s o c i a l  r a t e  o f  d i s c o u n t ) 0.48 1.38
From t h e  above t a b l e s ,  i t  may be no ted  t h a t  f o r  th e  s o c i a l  r a t e s  o f  
d i s c o u n t  o f  6 pe r  ce n t  and 8 p e r  c e n t  th e  ne t  p r e s e n t  va lues  a t  market 
p r i c e s  which measures t h e  a b s o l u t e  economic p r o f i t a b i l i t y  o f  th e  p r o j e c t  
t e n d  to show n e g a t iv e  s i g n s .  I t  must be s a i d  t h a t  except  f o r  a v e ry  low 
s o c i a l  r a t e  o f  d i s c o u n t  o f  3 p e r  c e n t ,  th e  p r o j e c t  when e v a l u a t e d  a t  
market  p r i c e s  i s  uneconom ica lly  sound.  On th e  o t h e r  hand,  when the  
p r o j e c t  i s  e v a lu a te d  a t  shadow p r i c e s ,  i t  shows a l l  p o s i t i v e  s ig n s  f o r  
t h e  t h r e e  s o c i a l  r a t e s  o f  d i s c o u n t .  T h e r e f o re ,  t h e  p r o j e c t  i s  economica lly  
sound o n ly  from the  s o c i a l  p o i n t  o f  v iew.  In terms o f  b e n e f i t - c o s t  r a t i o s ,  
t h e  p r o j e c t  t e n d s  t o  have a b e n e f i t - c o s t  r a t i o  which i s  f a r  l e s s  than  one 
f o r  t h e  two h ig h e r  r a t e s  o f  d i s c o u n t .  But a l l  b e n e f i t - c o s t  r a t i o s  proved
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to be higher than one when computed in terms of shadow prices. The table 
below shows the comparison of the foreign exchange component, the 
unskilled labour component and the total value of crop production in terms 
of their respected market and shadow prices.
TABLE 7.14
Comparison of Foreign Exchange Cost Unskilled Labour 
and the Total Value of Crop Production
Items ('000 Ks.) Social Rates of Discount
3% 6% 8%
1. Total value of crop production 
(market prices) 141067.1 64560.9 42982.5
2. Total value of crop production 
(shadow prices) 197493.4 90385.26 60175.5
3. Unskilled labour component 
(market prices) 76274.5 46778.7 38069.9
4. Unskilled labour component 
(shadow prices) 38137.25 23389.35 19034.95
5. Foreign exchange component 
(market prices) 17084.4 15167.5 14082.3
6. Foreign exchange component 
(shadow prices) 21355.5 18959.3 17602.8
7.6 Sensitivity Analysis
In a social benefit-cost analysis, a sensitivity analysis involves 
in finding out the effects of possible variations if some of the 
assumptions made on the net present value, the benefit cost ratio or the 
internal rate of return. If it is done properly, the sensitivity analysis 
can help evaluating the project in a more reasonable manner.
The national parameters of social rate of discount, the shadow 
price of investment and others are assumed to remain constant through 
the project life. Therefore, without any changes made in whatever is 
assumed to remain constant, possible differences can be seen if the 
parameters like the premium foreign exchange component of the project 
changes. Working out the sensitivity analysis only for the internal 
rate of return, the following table shows the differences in it when 
some of the parameters involved are changed.
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TABLE 7.15
I n t e r n a l  Rate o f  Return  (IRRI)
I terns IRR
1. Market  p r i c e s 4.11 per cen t
2. Shadow p r i c e s  ( b e n e f i t s ,  u n s k i l l e d  
l a b o u r ,  f o r e ig n  exchange) 8.8 per cen t
3. Shadow p r i c e s  ( u n s k i l l e d  l a b o u r ,  
f o r e i g n  exchange only) 8.5 per cent
4. Roubles ( f o r e i g n  exchange component)
a t  c u r r e n t  exchange r a t e  (Ks. 10 = 1 r o u b le ) 3.2 per cent
5. Shadow p r i c e  of  f o r e i g n  exchange o n ly .
(25 p e r  c e n t  premium w i th  a l l  o t h e r  c o s t s  
and b e n e f i t s  a t  market  p r i c e s ) 2.5 per cen t
As may be seen from th e  above t a b l e ,  the  i n t e r n a l  r a t e  o f  r e t u r n  
p roves  to be s u b s t a n t i a l l y  h i g h e r  when the  shadow p r i c e s  o f  b e n e f i t s ,  
u n s k i l l e d  la b o u r  and f o r e i g n  exchange c o s t  a re  inv o lv ed .  There i s ,  in  
f a c t ,  a s l i g h t  v a r i a n t  in  the  IRR when on ly  shadow p r i c e s  o f  u n s k i l l e d  
la b o u r  and f o r e ig n  exchange a r e  ta ken  i n t o  accoun t .  The IRR (3 .2  per  
c e n t )  t e n d s  t o  be s i g n i f i c a n t l y  low when th e  f o r e i g n  exchange component 
of  th e  p r o j e c t  i s  r e v a lu e d  a t  the  c u r r e n t  exchange r a t e  o f  Ks. 10 t o  
a r o u b le . *  U sin t  only  a premium o f  25 p e r  c e n t  on th e  f o r e ig n  exchange 
c o s t  w i th  a l l  o t h e r  c o s t s  and b e n e f i t s  a t  market  p r i c e s ,  the  IRR (2 .5  pe r  
cen t )  seems t o  be s l i g h t l y  d i f f e r e n t .  The IRR a t  market  p r i c e s  (4.11 per  
c e n t )  i s  f a r  below th e  p r e s e n t  bank r a t e  o f  8 p e r  c e n t ,  b u t  th e  IRR a t  
shadow p r i c e s  (8 .8  p e r  cen t )  proved to  be a l i t t l e  h i g h e r .  T he re fo re ,  
i t  must be conc luded  t h a t  the  p r o j e c t  i s  no t  f i n a n c i a l l y  sound when 
e v a lu a te d  a t  market  p r i c e s ,  but  proved to  be econom ica l ly  sound when 
e v a l u a t e d  a t  shadow p r i c e s .  For s o c i a l  and economic r e a s o n s ,  i t  must 
be s a i d  t h a t  th e  p r o j e c t  has made an im p o r tan t  c o n t r i b u t i o n  to  bo th  th e  
development o f  the  n a t i o n a l  economy and t o  th e  w e l f a r e  o f  the  l o c a l  people  
in  the  p r o j e c t  r e g io n .
* The former exchange r a t e  du r ing  th e  c o n s t r u c t i o n  p e r io d s  was 
Ks. 5.29 = 1 r o u b le .
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CHAPTER 8
REGIONAL DEVELOPMENT EFFECTS OF THE 
KYET-MAUK-TAUNG PROJECT
8.1  I n d i r e c t  B e n e f i t s  o f  t h e  P r o j e c t
The r e g i o n  p r i o r  t o  t h e  p r o j e c t  had  n i n e  v i l l a g e s  i n  t h e  uppe r  
c a t c h m e n t s  o f  t h e  two r i v e r  b a s i n s ,  which were l a t e r  r e s e t t l e d  i n s i d e  
t h e  p r o j e c t  a r e a .  Income e a r n e d  from toddy  f a rm in g  was r e l a t i v e l y  low 
compared t o  incomes in  n e i g h b o u r i n g  a r e a s .  B e s i d e s ,  h ig h  t e m p e r a t u r e  
c l i m a t e s  and l i t t l e  w a t e r  a v a i l a b l e  f o r  d r i n k i n g  p u r p o s e s  had r e s u l t e d  
i n  a number o f  s o c i a l  and h e a l t h  p r o b le m s .  On t h e  o t h e r  hand ,  t h e  a r e a  
had e v e n t u a l l y  t u r n e d  i n t o  a l m o s t  a s e m i - d e s e r t .  As a r e s u l t  o f  t h e  
p r o j e c t , '  t h e  a r e a  was e c o n o m i c a l l y  opened  u p .  A g r i c u l t u r e  was e s t a b l i s h e d  
i n s i d e  t h e  p r o j e c t  a r e a ,  t h u s  l e a d i n g  to  s t a b l e  and h ig h  a v e r a g e  incomes 
and a l a r g e r  p o p u l a t i o n .
In any deve lopment  c o n s e q u e n c e ,  s o c i a l  s p i l l o v e r s  o r  e f f e c t s  s h o u ld  
a l s o  be c o n s i d e r e d  i f  we a r e  c o n c e rn e d  w i t h  t h e  g e n e r a l  w e l f a r e  o f  t h e  
l o c a l  p e o p l e .  Once t h e  r e g i o n  e x p e r i e n c e d  such low r a i n f a l l s  t h a t  
t h e r e  was l i t t l e  o r  no w a t e r  even f o r  d o m e s t i c  p u r p o s e s ,  n o t  t o  m en t ion  
w a t e r  f o r  a g r i c u l t u r a l  p u r p o s e s .  Much w o rs e ,  i t  was accompanied by a 
w i d e s p re a d  p r e v a l e n c e  o f  w a t e r - r e l a t e d  d i s e a s e s .  Nowadays,  w i t h  a d e q u a t e  
w a t e r  s u p p l i e s  from t h e  dam, most  o f  t h e s e  awful  d i s e a s e s  have  c o m p l e t e l y  
d i s a p p e a r e d .
The p r o j e c t ,  l i k e  many o t h e r  economic a c t i v i t i e s ,  i s  b e l i e v e d  to  have 
s e v e r a l  backward  and fo rw ard  l i n k a g e s .  In  t h i s  c o n n e c t i o n ,  i t  may be 
n o te d  t h a t  t h e  u s e  o f  i r r i g a t i o n  w a t e r  s t i m u l a t e d  i n c r e a s e d  use  o f  m a jo r  
a g r i c u l t u r a l  i n p u t s .  The A g r i c u l t u r a l  C o r p o r a t i o n  j o i n t l y  w i t h  t h e  Township 
P e o p l e s ’ C ounc i l  a r e  a c t i v e l y  i n v o l v e d  i n  t h e  s u p p l y  o f  m a jo r  i n p u t s  t o  t h e  
f a r m e r s .  T h i s  r e s u l t e d  i n  a r o u t i n e  f lo w  o f  n e c e s s a r y  i n p u t s  a t  a needed  
t im e ,  where most  o f  t h e  p r o j e c t  f a r m e r s  e n jo y e d  r e l a t i v e l y  low i n p u t  p r i c e s .  
T h i s  i s  due t o  h e a v i l y  s u b s i d i z e d  p r i c e  schemes by t h e  government .
The farm c r e d i t  sys tem i s  a l r e a d y  o r g a n i z e d  and w e l l  unde r  way on 
th e  n a t i o n a l  l e v e l .  S in c e  f a r m e r s  i n  t h e  p r o j e c t  r e g i o n  a r e  e n t i t l e d  to  
r e c e i v e  t h e s e  c r e d i t s ,  t h e  A g r i c u l t u r a l  Bank h a n d l e s  i t s  d i s t r i b u t i o n . i n  
advance  o f  a g r i c u l t u r a l  s e a s o n s .  The c r e d i t  i s  l a t e r  r e i m b u r s e d  a f t e r  
t h e  h a r v e s t  i s  s o l d  t o  t h e  governm en t .
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M arke ting ,  p r o c e s s in g  and t r a n s p o r t i n g  o f  farm p ro d u c ts  o f  th e  
p r o j e c t  a r e  m os t ly  hand led  by l o c a l  consumer and producer  c o - o p e r a t i v e s .
The A g r i c u l t u r a l  Bank, which i s  th e  main body o f  f in a n c e  f o r  f a rm e rs ,  a l s o  
p la y s  t h e  r o l e  of  f i n a n c i e r  f o r  a l l  c a p i t a l  c o s t s  i n  t h i s  m a t t e r .  As 
soon as th e  h a r v e s t  s eason  i s  o ve r ,  farm produce  i s  c o l l e c t e d  by th e s e  
c o - o p e r a t i v e s ,  and l a t e r  t r a n s p o r t e d  to  markets  o r  f a c t o r i e s . *  In the  
case o f  c o t t o n ,  a huge t r a n s p o r t a t i o n  program i s  involved  in  t r a n s p o r t i n g  
i t  to  a nearby  t e x t i l e  m i l l .  T h e r e f o r e ,  i t  must be s a id  t h a t  the  p r o j e c t  
had s t i m u l a t e d  many economic a c t i v i t i e s .
8 .2  R e s e t t l e m e n t  and Employment in T r a n s i t i o n a l  Phase
The r e s e t t l e m e n t  and r e h a b i l i t a t i o n  program in vo lved  n in e  v i l l a g e s  
to  be removed from th e  ca tchment a r e a s .  R e s e t t l e m e n t  c o s t s  acc oun t ing  
f o r  Ks. 229972.50 was p rov ided  by t h e  government.  In the  removal o f  th e  
n in e  v i l l a g e s ,  seven o f  them were s i t e d  c l o s e  to  th e  dam, w h i le  the  
remain ing  two were l o c a t e d  a f a r ,  though s t i l l  i n  t h e  i r r i g a b l e  a r e a .
The government a l s o  p rov ided  hous ing  and o t h e r  n e c e s s a ry  f a c i l i t i e s  
f o r  t h e  r e s e t t l e d  p eop le .  Land d i s t r i b u t i o n  schemes were made i n  th e  
i r r i g a b l e  a r e a ,  where the  c h i e f  b e n e f i c i a r i e s  were those  farm fam i le s  w i th  
no p r i v a t e  land ownership.  The government had a l s o  code-named th e  n ine  
r e s e t t l e d  v i l l a g e s  as No.1 to  No. 9.  Under t h e  new land s e t t l e m e n t  schemes,  
46 households  o f  th e  No. 8 v i l l a g e  r e c e i v e d  an average o f  f o u r  a c re s  o f  
c u l t i v a b l e  land  p e r  farm fa m i ly .  The No. 4 v i l l a g e ,  which in h a b i t e d  
105 households  r e c e iv e d  an average  o f  two a c r e s  p e r  farm fam i ly .  G e n e ra l ly ,  
f o r  t h e  whole p r o j e c t  a r e a ,  land d i s t r i b u t i o n  was about  5 a c r e s  p e r  farm 
fa m i ly .  In 1965-66,  th e  government a l s o  p rov ided  Ks. 23700 as a fund f o r  
development and l i v e s t o c k  b r e e d i n g .
Under the  l a b o u r - h i r i n g  schemes f o r  t h e  c o n s t r u c t i o n  works,  t h e r e  was 
employment f o r  a t  l e a s t  one member i n  every  f a m i ly .  With employment 
o p p o r t u n i t i e s  and land  d i s t r i b u t i o n  b e n e f i t s ,  each farm fam i ly  r e c e iv e d  
n e a r l y  Ks. 70 pe r  month dur ing  t h e  p e r i o d s  o f  c o n s t r u c t i o n . * *  Besides t h e s e ,  
t h e r e  was a l s o  p r o v i s i o n  o f  many o t h e r  f a c i l i t i e s  such as road  l i n k s  between 
v i l l a g e s ,  p r im ary  s c h o o l s ,  v i l l a g e  medical  c l i n i c s  and tu b e - w e l l s  f o r
* The l o c a l  a u t h o r i t i e s  have to  make su re  t h a t  t h e  bu lk  o f  the  h a rv e s t  
a r r i v e s  s a f e l y  i n t o  the  l e g a l  c h an n e ls ,  i . e .  t o  ensu re  none o f  t h e s e  
i s  so ld  on t h e  b la c k  market .  However, i n  s p i t e  of  a l l  r i g i d i t i e s  and 
s t i f f  c o n t r o l s ,  a c e r t a i n  p o r t i o n  o f  farm produce  appea rs  in  the  i l l e g a l  
m a r k e t .
** The o f f i c i a l  exchange r a t e  in  terms o f  US d o l l a r s ,  i s  a l r e a d y  exp res sed  
i n  Chapter  5.
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d r i n k i n g  w a te r .  The No. 9 v i l l a g e  w i th  108 households  and be ing  l o c a t e d  
q u i t e  a f a r  from o t h e r s ,  was t h e  f i r s t  t o  be p ro v id e d  with  a tu b e -w e l l  and 
f o r  r e l i g i o u s  a f f a i r s ,  a Buddhis t  monastery  was a l s o  i n s t a l l e d .
V i l l a g e r s  from th e s e  r e s e t t l e d  a r e a s  formed th e  m a j o r i t y  o f  l abou r  
employed dur ing  the  c o n s t r u c t i o n  of  t h e  p r o j e c t .  This  s e t t l e d  not  on ly  
many o f  the  o f f - f a r m  f a m i l i e s '  unemployment problems ,  bu t  a l s o  the  problems 
o f  h i r e d  manual la b o u r  by the  p r o j e c t .  Because o f  the  need o f  a huge 
la b o u r  f o r c e  of  n e a r l y  5,400 w orkers ,  some o f  them have to  be m ig ra ted  
from o t h e r  ne ighbour ing  a r e a s ,  and l a t e r  r e s e t t l e d  i n  the  i r r i g a t e d  a r e a s .  
However, f o r  th o s e  m ig ra ted  labou r  t h e r e  were l i t t l e  o r  no r e s e t t l e m e n t  
c o s t s  such  as b u i l d i n g  labour  camps o r  schoo ls  f o r  t h e  c h i l d r e n  o r  even 
h e a l t h  c l i n i c s .
In  t h e  b as e  c l e a r i n g  o f  the  dam and th e  t o t a l  s t r i p p i n g  o f  the  s t e e p  
loamy s lo p e s  o f  t h e  two r i v e r s  which was m os t ly  done by e x c a v a to r s ,  
n e a r l y  10 p e r  c e n t  was b e l i e v e d  to  be hand-trimmed by manual l a b o u r .
A lso ,  in  t h e  c o n s t r u c t i o n  o f  th e  main body o f  th e  e a r t h e n  dam, labour  was 
invo lved  in  t h e  borrow a r e a s  j o i n t l y  w i th  t h e  heavy earthmoving machines .
As t h e  p r o j e c t  invo lved  many t e c h n i c a l i t i e s ,  most o f  t h e  h i r e d  labou r  
was based  upon t h e i r  p r o f e s s i o n a l  s k i l l s .  I t  may be noted t h a t  the  
d i s g u i s e d  unemployment in  a g r i c u l t u r e  i n  t h e  l o c a l  a r e a  was economica lly  
and p o t e n t i a l l y  u t i l i z e d  in  th e  p r o j e c t .  I t  i s  b e l i e v e d  t h a t  those  
t r a i n e d  i n  t e c h n i c a l  works were l a t e r  t r a n s f e r r e d  to  o t h e r  c a r r y - o n  
i r r i g a t i o n  p r o j e c t s .  A f t e r  t h e  comple t ion  o f  th e  p r o j e c t ,  what h ig h l y  
b e n e f i t t e d  t h e  a r e a  was t h e  w idespread  a r t  o f  c a r p e n t r y  and masonry.
8.3 Regional  Development E f f e c t s
On t h e  o t h e r  hand,  t h e  c o n s t r u c t i o n  of  t h i s  p r o j e c t  had r e s u l t e d  in  
s e v e r a l  economic and commercial c o n n e c t io n s  w i th  o t h e r  s o c i a l i s t  c o u n t r i e s ,  
e s p e c i a l l y  th e  S o v ie t  Union. During t h e  p e r i o d s  o f  t h e  l a t e  1960s, i t  
emerged as  one o f  t h e  l a r g e s t  and most h e a v i l y  i n v e s t e d  i r r i g a t i o n  
p r o j e c t s  in  the  coun t ry .  Due to  some h igh  t e c h n i c a l  e n g in e e r in g  methods,  
i t  took  a few more y ea r s  t o  c o n s t r u c t  tha n  t h e  i n i t i a l  p lanned  p e r i o d .
The needed te chno logy ,  mechan ical  equipment and e x p e r t s  which were 
im por ted  from th e  S o v ie t  Union a l s o  b e n e f i t t e d  many o f  t h e  l o c a l  e n g i n e e r s .
Some q u e s t i o n s  r e g a rd in g  th e  d i s t r i b u t i o n  o f  i r r i g a t i o n  w a te r  were 
never  q u i t e  complex, s i n c e  t h e r e  i s  ample supp ly  o f  w a te r  i n  th e  dam.
This r e s u l t e d  in  a l a r g e  number o f  u s e r s  whose d e c i s i o n s  d id  not  
i n t e r a c t  w i th  one a n o t h e r  and b e s i d e s  i t  s o lv e s  th e  problem o f  ac h i e v in g  
e f f i c i e n t  u t i l i z a t i o n  o f  w ate r  r e s o u r c e s  as an e s s e n t i a l  a g r i c u l t u r a l  in p u t .
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The establishment of farmers’ irrigation associations in many of the 
villages in the project region has helped improved not only the water 
problems, but also the co-operativeness of all irrigators involved. The 
Irrigation Department at the project site did everything in its 
authorative power to ensure that these are well organized and properly 
managed. In these associations the irrigators are, of course, bound to 
abide by the rules and regulations laid down by the irrigation authorities. 
Only on rare occasions, there appeared a conflict of interest between the 
two parties.
Although there is no data available at the farm level, there is 
substantial evidence that farmers in the project region have improved 
their standards of living. The market value of agricultural production 
clearly represents a direct benefit to the project region, since the 
earnings flow directly to the farmers. During the past recent years, 
the region had stepped up in cotton production. On account of this, 
the value of foreign exchange saved, however, does represent benefits 
to the government.
As far as the whole project region is concerned, the cost flows 
including farm production costs or even the foregone agricultural income 
may represent losses to the region. On the other hand, when these farm 
costs are considered as net gains to other areas, it may be regarded as 
compensating benefits. Wage payments made by the irrigation authorities 
in the operation and maintenance of the project or payments made by the 
government for extension workers may result as benefits to the region.
It is also necessary to consider that if the farmers were using imported 
inputs like fertilizers, the social opportunity cost of foreign exchange 
with respect to the whole economy may not be necessarily considered as an 
opportunity cost to the region. The loss due to the social value of the 
foreign exchange used is directly concerned with the economy as a whole, 
and the loss to the region is simply the market cost it pays for the 
inputs.
In the project region, the indirect benefits which are induced by 
the primary benefits are, in fact, rather difficult to estimate. 
Nevertheless, it could be indirectly estimated by checking the flow of 
agricultural produce when marketed or transferred as raw materials to 
other production centres. It is already mentioned that the bulk of 
cotton produced is transferred to a neighbouring textile mill. The mill 
which is supposed to function two or three production shifts a day 
could never have been in active operation in the absence of cotton from
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the region. Therefore, it must be concluded that with direct benefits 
mentioned earlier and the indirect benefits, the project seems worthwhile.
1 1 3 .
CHAPTER 9 
CONCLUSIONS
An a t t e m p t  has  b e e n  made i n  t h i s  s t u d y  t o  a s s e s s  t h e  i r r i g a t i o n  
p r o j e c t .  As we may r e c a l l ,  i t s  c o n s t r u c t i o n  s t a r t e d  i n  1961 and a l t h o u g h  
i t  was p l a n n e d  t o  b e  f i n i s h e d  b y  1 965 ,  i t  was two y e a r s  b e h i n d  s c h e d u l e  
when i t  was f i n a l l y  c o m p l e t e d  i n  1 9 6 7 .  S u ch  a n  e x p e r i e n c e ,  a s  t h o s e  who 
a r e  d i r e c t l y  i n v o l v e d  i n  t h e  i m p l e m e n t a t i o n  o f  t h e  p r o j e c t  w e l l  know, 
i s  t o  b e  e x p e r i e n c e d  t i m e  a n d  a g a i n .
R e g a r d i n g  c o s t s ,  t h e  e s t i m a t e d  c o n s t r u c t i o n  c o s t  o f  t h e  p r o j e c t  was 
3 0 . 4  m i l l i o n  K y a t s .  As i t  t u r n e d  o u t ,  t h e  t o t a l  c o s t  a m o u n ted  t o  5 6 .9 1  
m i l l i o n  K y a t s ,  i . e .  c o s t  o v e r r u n  o f  some 87 p e r  c e n t .  As had  b e e n  
e s t a b l i s h e d  i n  t h i s  s t u d y ,  t h i s  was m a i n l y  due t o  a b i a s  t o w a r d s  c a p i t a l -  
i n t e n s i v e  c o n s t r u c t i o n  m e t h o d s .
Coming now t o  t h e  c o n s i d e r a t i o n  o f  b e n e f i t s ,  i t  mus t  b e  s a i d  t h a t  
i t  h ad  u n d o u b t e d l y  b r o u g h t  a  number  o f  b e n e f i t s  t o  t h e  p r o j e c t  r e g i o n .
C r o p s ,  n a m e l y  r i c e ,  l o n g  s t a p l e  c o t t o n ,  g r o u n d n u t  a n d  sesamum, c o u l d  
now b e  grown t w i c e  a y e a r .  The u s e  o f  s u f f i c i e n t  w a t e r  h a s  a c c e l e r a t e d  
t h e  o v e r a l l  r a t e  o f  a g r i c u l t u r a l  g r o w t h ,  a n d  a g r i c u l t u r a l  e x p a n s i o n  was 
l a r g e l y  t h e  r e s u l t  o f  i n c r e a s e s  i n  c u l t i v a t e d  a r e a s .  The r e l a t i v e  
q u a n t i t y  o f  l a n d  p l a n t e d  t o  p l a n n e d  c r o p s ,  e s p e c i a l l y  l o n g  s t a p l e  c o t t o n ,  
r o s e  s h a r p l y .  P l a n n e d  c r o p s  s u c h  a s  c o t t o n  and sesamum now a c c o u n t  f o r  
o v e r  75 p e r  c e n t  o f  t h e  c u l t i v a t e d  l a n d  a n d  n e a r l y  70 p e r  c e n t  o f  t h e  v a l u e  
o f  a g r i c u l t u r a l  p r o d u c t i o n .
However ,  t h e  p r o v i n c i a l  g o v e r n m e n t ' s  a g r i c u l t u r a l  p o l i c i e s ,  h i g h e r  
g o v e r n m e n t  p r i c e s  an d  more  f r e e  a c c e s s  t o  w a t e r  may e v e n t u a l l y  l u r e  t h e  
f a r m e r s  t o  p u s h  t h e  e x p a n s i o n  o f  c u l t i v a t e d  l a n d s  a n d  w a t e r  u s e  t o  s u c h  
an e x t e n t  a s  t o  b e  b ey o n d  t h e  t e c h n i c a l  c a p a b i l i t y  o f  t h e  dam. I n  o t h e r  
w o r d s ,  f a r m e r s  may e v e n t u a l l y  h a v e  t o  f a l l  b a c k  on  a n n u a l  r a i n f a l l ,  r i v e r  
f l o w s  a n d  g r o u n d  w a t e r  r e c h a r g e .
I f  t h e  r e g i o n  w e re  h i t  by  a n  u n t i m e l y  d r y  p e r i o d  i t  wou ld  r e s u l t  i n  
a s h a r p  d e c l i n e  i n  w a t e r  u s e .  The e c o n o m i c  l o s s e s  an d  d i s r u p t i o n  t o  t h e  
r e g i o n ' s  economy t h a t  w ou ld  r e s u l t  f r om  t h e  s h a r p  d e c l i n e  i n  w a t e r  u s e  
would  b e  e n o r m o u s .  A s u b s t a n t i a l  p o r t i o n  o f  i n v e s t m e n t  i n  c r o p s  wou ld  
n e v e r  b e  r e c o v e r e d .  G iven  t h e  i m p o r t a n c e  o f  t h e  a g r i c u l t u r a l  s e c t o r  i n  
t h e  r e g i o n ' s  economy,  t h e  i n v e s t m e n t  l o s s e s  an d  e c o n o m ic  an d  s o c i a l
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d i s r u p t i o n  would be f e l t  by a l l  s e c t o r s  o f  t h e  r e g io n .
An emphasis  on improving w a te r  u se  e f f i c i e n c y  would pe rm i t  a h ig h e r  
economic growth but  r e q u i r e  more changes in  c u r r e n t  water  u s e .  The 
main tenance  o f  the  two main c a n a l s  d e s p i t e  a l l  the  year  round wate r  f low, 
w e l l s  t o  r e i n f o r c e  s u r f a c e  w ate r  f low s ,  h ig h e r  farm s u b s i d i e s  and p o l i c i e s  
l e a d in g  to  e f f i c i e n t  w a te r  u s e ,  a r e  viewed as normal and n e c e s s a ry  
government a c t i o n s .
Government inves tm en t  p a t t e r n s  and p o l i c i e s  which might  have p rov ided  
h ig h e r  a g r i c u l t u r a l  r e t u r n s  were n o t  made, and t h e  s e a r c h  f o r  new 
i r r i g a t i o n  and c u l t i v a t i o n  methods o f f e r i n g  h ig h e r  r e t u r n s  to  w a te r  and 
g r e a t e r  long - te rm  growth p o t e n t i a l  f o r  t h e  r e g io n  were d i s co u rag e d  because  
o f  t h e i r  r e l a t i v e  n e g l e c t  i n  government r e s e a r c h  e f f o r t s  and the  lack  o f  
p r i v a t e  economic i n c e n t i v e s .
Although f u r t h e r  r e s e a r c h  i s  needed,  s p r i n k l e r  and d r i p  i r r i g a t i o n  
systems cou ld  be promis ing  new i r r i g a t i o n  methods f o r  some crops  i n  the  
r e g io n .  Besides t h e s e ,  th e  government must a l s o  be a b l e  to  supp ly  more 
key a g r i c u l t u r a l  i n p u t s  such as  f e r t i l i z e r s ,  i n s e c t i c i d e s  and farm 
machinery.  I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  w i th  th e  a i d  of  th e  government 
s t a b l e  y i e l d s  cannot  be produced to  s u s t a i n  th e  r e g i o n ' s  economy.
Although the  c o n s t r u c t i o n  o f  th e  p r o j e c t  was mainly made ou t  of  
S o v ie t  c r e d i t ,  t h e  domest ic  component o f  t h e  t o t a l  in ve s tm en t ,  e s p e c i a l l y  
i n  terms o f  d e d i c a t e d  manpower, i s  no l e s s  im p o r ta n t .  In f a c t ,  had i t  
no t  been  f o r  t h e  h igh  q u a l i t y  pe rformance  o f  i r r i g a t i o n  p e r s o n n e l ,  the  
g e s t a t i o n  p e r io d  would have been lo n g e r ,  t h e  p r o j e c t  c o s t s  g r e a t e r  and 
n e t  b e n e f i t s  a l l  t h e  l e s s e r  f o r  i t .  But now, due to th o s e  p e o p le ,  t h i s  
s tudy  has  shown c o n c l u s i v e l y  t h a t  t h e  p r o j e c t  has r e a l l y  been w or thw h i le .  
F i n a l l y ,  i n  th e  s o c i a l  b e n e f i t - c o s t  a n a l y s i s ,  t h e  p r o j e c t ,  though i t  was 
no t  f i n a n c i a l l y  sound,was found t o  be econom ica l ly  sound from th e  n a t i o n a l  
s t a n d p o i n t .  The r e s u l t s  o f  t h e  s o c i a l  b e n e f i t  cos t  a n a l y s i s  proved  t h a t  
on ly  wi th  a d j u s t e d  market  v a l u e s ,  t h e  i n t e r n a l  r a t e  o f  r e t u r n  o f  the  
p r o j e c t  i s  s l i g h t l y  h ig h e r  th a n  th e  r u l i n g  o f f i c i a l  bank r a t e s .  With th e  
a c t u a l  market  p r i c e s ,  t h e  economic r e t u r n s  have proved  t o  be v e r y  low.
L as t ,  b u t  not  l e a s t ,  i t  must be conc luded  t h a t  t h e  p r o j e c t  was no t  in t ended  
to  a ch iev e  high f i n a n c i a l  r e t u r n s ,  bu t  more i m p o r t a n t ly ,  was des igned  to 
open up a poor  r e g i o n .
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APPENDIX A
A r t i c l e  1
The government o f  t h e  Union o f  Burma S o c i a l i s t  Republic s h a l l  ensure 
th e  economic and t e c h n i c a l  a s s i s t a n c e  to  be r endered  by t h e  S ov ie t  
o r g a n i z a t i o n s  in the  c o n s t r u c t i o n  in  1962-66 o f  t h e  Kyet-mauk-taung 
I r r i g a t i o n  P r o j e c t  by means o f  e x ec u t in g  t h e  des ig n in g  works, o f  supp ly ing  
to  t h e  Union o f  Burma of  equipment,  machinery  and m a t e r i a l s  which a re  
no t  a v a i l a b l e  in th e  Union o f  Burma and by means o f  depu t ing  Sov ie t  
s p e c i a l i s t s  to  t h e  Union o f  Burma f o r  r e n d e r i n g  a s s i s t a n c e  i n  the  
c o n s t r u c t i o n ,  e r e c t i o n ,  o p e r a t i o n  and main tenance  o f  equipment.
A r t i c l e  2
The R e v o lu t io n a ry  Government o f  t h e  Union o f  Burma s h a l l  accomplish 
th rough  t h e  medium o f  the  Burmese o r g a n i s a t i o n s  th e  c o n s t r u c t i o n  o f  the  
Kyet-mauk-taung I r r i g a t i o n  P r o j e c t  p rov ided  i n  A r t i c l e  1 of  th e  p r e s e n t  
P r o t o c o l ,  t h e  o r g a n i z a t i o n  o f  a l l  c o n s t r u c t i o n  works in c lu d in g  th e  
employment of  n e c e s s a r y  manpower and the  procurem ent of  l o c a l l y  
a v a i l a b l e  m a t e r i a l s ,  as well  as t h e  c o n s t r u c t i o n  o f  access  ro a d s  and 
o t h e r  s e r v i c e s  r e q u i r e d  f o r  the  im plem enta t ion  and o p e r a t i o n  of  the  
Kyet-mauk-taung I r r i g a t i o n  P r o j e c t .
A r t i c l e  3
For the  purpose  o f  f u r n i s h i n g  t h e  economic a s s i s t a n c e  to  the  Union 
o f  Burma i n  the  accomplishment  o f  t h e  Kyet-mauk-taung I r r i g a t i o n  P r o j e c t ,  
the  Government o f  t h e  Union o f  S o v ie t  S o c i a l i s t  Republ ics  s h a l l  ex tend 
t o  the  R e v o lu t io n a ry  Government o f  the  Union o f  Burma, c r e d i t  up t o  
the  amount o f  3 .5  m i l l i o n  ro u b le s  ( one ro u b le  c o n t a i n s  0.987412 grammes 
o f  f i n e  gold)  b e a r i n g  2 .5  p e r  c e n t  i n t e r e s t  pe r  annum to  make payments 
f o r  d e s ig n  and su rvey ing  work fo r  th e  Kyet-mauk-taung I r r i g a t i o n  P r o j e c t  
to be  execu ted  by t h e  S o v ie t  o r g a n i z a t i o n ,  equipment,  machinery and 
m a t e r i a l s  which a r e  n o t  a v a i l a b l e  i n  the  Union o f  Burma t o  be s u p p l ie d  
from th e  USSR to  th e  Union o f  Burma, f . o . b .  S o v ie t  p o r t s ;  expenses  
i n c u r r e d  in  depu t ing  S o v ie t  s p e c i a l i s t s  t o  th e  Union o f  Burma f o r  
r e n d e r i n g  t e c h n i c a l  a s s i s t a n c e ,  exc lud ing  c o s t  c o r r e c t e d  w i th  t h e i r  
main tenance  i n  t h e  Union of  Burma.
In case o f  a change in t h e  gold  p a r i t y  o f  th e  ro u b le  mentioned 
in the  p r e s e n t  A r t i c l e ,  the  amount o f  the  c r e d i t  i n  te rms o f  r o u b le s  
(both u t i l i z e d  and u n u t i l i z e d  p a r t s  o f  t h e  c r e d i t  b a l a n c e  o f  o u t s t a n d in g  
p r i n c i p a l  deb t  and th e  i n t e r e s t  acc rued  th e re o n  b u t  no t  y e t  pa id )  s h a l l  
be a d j u s t e d  a c c o rd in g  t o  th e  change so as t o  p r e s e r v e  t h e  gold  
e q u i v a l e n t  o f  t h e  c r e d i t .
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A r t i c l e  4
The R evo lu t iona ry  Government o f  t h e  Union o f  Burma s h a l l  repay  
t h e  c r e d i t  a v a i l e d  o f  under  A r t i c l e  3 o f  t h e  p r e s e n t  P ro to co l  du r ing  
the  p e r io d  o f  12 yea rs  by equa l  annua l  i n s t a l m e n t s  beg inn ing  in  a yea r  
a f t e r  t h e  Kyet-mauk-taung I r r i g a t i o n  P r o j e c t  has been completed and the  
r e s e r v o i r  f i l l e d  wi th  w a te r ,  b u t  no t  l a t e r  tha n  J anuary  1 s t ,  1968.
I n t e r e s t  w i l l  accrue  from t h e  d a t e  o f  th e  u t i l i z a t i o n  o f  a 
r e s p e c t i v e  p a r t  of  the  c r e d i t  and s h a l l  be pa id  in  the  f i r s t  q u a r t e r  o f  
th e  yea r  fo l low ing  t h e  yea r  f o r  which i t  i s  acc rued ;  th e  d a t e  o f  the  
u t i l i z a t i o n  o f  the  c r e d i t  to  pay f o r  the  equipment,  machinery and 
m a t e r i a l s  s h a l l  be t h e  d a te  o f  t h e  B i l l  o f  Lading and f o r  making payments 
f o r  the  d es ign  and su rvey ing  work, as  well  as  f o r  o t h e r  k inds  o f  
t e c h n i c a l  a s s i s t a n c e  t h e r e  s h a l l  be th e  d a t e  o f  t h e  In v o ice .
A r t i c l e  5
Repayments o f  t h e  c r e d i t  and payments o f  t h e  i n t e r e s t  accrued  
th e re o n  s h a l l  be e f f e c t e d  by t h e  R e v o lu t io n a ry  Government of  the Union 
of  Burma by th e  d e l i v e r i e s  o f  Burmese goods to  th e  USSR under the  terms 
and c o n d i t i o n s  o f  th e  Soviet -Burmese Trade Agreement in  fo r c e  a nd /o r  
in a f r e e l y  c o n v e r t i b l e  cu r r e n c y  t o  be ag reed  upon between the  S t a t e  
Bank o f  th e  USSR and t h e  Union Bank o f  Burma.
Three months b e f o r e  t h e  beg inn ing  o f  t h e  yea r  in  which repayments 
of  the  c r e d i t  and payments o f  th e  i n t e r e s t  accrued  a r e  due,  the  p a r t i e s  
s h a l l  ag ree  f o r  each c a l e n d a r  y e a r  on th e  k inds  and p r i c e s  o f  goods, 
and on th e  q u a n t i t i e s  and p e r i o d s  f o r  t h e  d e l i v e r i e s  t h e r e o f .
Should repayments o f  th e  c r e d i t  and payments o f  t h e  i n t e r e s t  
accrued  be made in  a f r e e l y  c o n v e r t i b l e  c u r r e n c y ,  the  r e c a l c u l a t i o n  
o f  th e  ro u b le  i n t o  a f r e e l y  c o n v e r t i b l e  c u r r e n c y  s h a l l  be e f f e c t e d  on 
th e  b a s i s  o f  t h e  gold p a r i t y  o f  t h e s e  c u r r e n c i e s  on the  d a t e  o f  payment.
A r t i c l e  6
For t h e  purpose o f  keep ing r e c o r d s  o f  t h e  c r e d i t  used and r ep a id  
and payment o f  the  i n t e r e s t  acc rued  th e r e o n ,  the  S t a t e  Bank o f  th e  USSR 
and th e  Union Bank o f  Burma s h a l l  open s p e c i a l  c r e d i t  accoun ts  in  
ro u b le s  and s h a l l  ag ree  upon the  p ro ced u re  f o r  m a in ta in in g  th e  s a id  
accounts  and t r a n s a c t i o n s  under  t h e  c r e d i t .
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A r t i c l e  7
The R evo lu t iona ry  Government of  the  Union o f  Burma s h a l l  re im burse  
t o  the  S o v ie t  P a r ty  expenses  connec ted  wi th  t h e  main tenance  o f  Sov ie t  
s p e c i a l i s t s  in the  Union of  Burma to  be deputed  f o r  r e n d e r i n g  t e c h n i c a l  
a s s i s t a n c e  in the  c o n s t r u c t i o n  of  t h e  Kyet-mauk-taung I r r i g a t i o n  P r o j e c t  
in accordance  wi th  t h e  p r e s e n t  P ro to c o l  by e n t e r i n g  r e s p e c t i v e  amounts 
in  Burmese Kyats to  a s e p a r a t e  account  to  be opened with t h e  Union Bank 
o f  Burma in  favour  o f  t h e  S t a t e  Bank o f  t h e  USSR,
The amounts from t h i s  accoun t  may be used f o r  cover ing  expenses 
o f  t h e  S o v ie t  o r g a n i z a t i o n s  i n  the  Union of  Burma.
In case  of  a change in t h e  gold  p a r i t y  o f  th e  Burmese Kyat which 
a t  p r e s e n t  equa ls  0.186621 grammes o f  f i n e  go ld ,  the  S t a t e  Bank o f  th e  
USSR and th e  Union Bank o f  Burma s h a l l  make an a p p r o p r i a t e  r e v a l u a t i o n  
o f  t h e  b a l a n c e  on the  s p e c i a l  account  i n d i c a t e d  i n  t h i s  A r t i c l e .
A r t i c l e  8
The S o v ie t  o r g a n i z a t i o n s  and Burmese o r g a n i z a t i o n s  du ly  a u t h o r i z e d  
by th e  Government o f  th e  USSR and th e  R e v o lu t io n a ry  Government o f  the  
Union o f  Burma r e s p e c t i v e l y  s h a l l  e n t e r  i n t o  c o n t r a c t s  s p e c i f y i n g  the  
number o f  s p e c i a l i s t s  t o  be depu ted  as w el l  as  volume o f  d e l i v e r i e s ,  
p e r i o d s ,  p r i c e s  and d e t a i l e d  c o n d i t i o n s  f o r  e x e c u t in g  the  des ig n in g  
work, s u p p l i e s  o f  equipment,  machinery  and m a t e r i a l s ,  and o th e r  
o b l i g a t i o n s  o f  e i t h e r  P a r ty  r e l a t i v e  t o  the  c o n s t r u c t i o n  of  th e  Kyet- 
mauk-taung I r r i g a t i o n  P r o j e c t  p rov ided  in  A r t i c l e  7 o f  t h e  p r e s e n t  
P r o t o c o l .
A r t i c l e  9
The s ig n in g  o f  t h e  p r e s e n t  P ro to c o l  conce rn ing  th e  economic and 
t e c h n i c a l  a s s i s t a n c e  to  be r endered  by t h e  Union o f  S o v ie t  S o c i a l i s t  
R epub l ic s  t o  t h e  Union o f  Burma i n  t h e  c o n s t r u c t i o n  o f  the  Kyet-mauk-taung 
I r r i g a t i o n  P r o j e c t  was s igned  a t  th e  S t a t e  N a t iona l  T h e a t r e ,  Moscow on 
19th February ,  1962.
A r t i c l e  10
Done in  d u p l i c a t e ,  i n  Burmese, Russ ian  and Eng l ish  la nguages ,  a l l  
t h r e e  t e x t s  be ing  e q u a l ly  a u t h e n t i c ,  a t  Rangoon, 30th August ,  1962,
An arrangement was made between th e  S t a t e  Bank o f  t h e  USSR and th e  
Union Bank o f  Burma f o r  t h e  main tenance  o f  accoun ts  r e l a t i n g  to  the  
e x t e n s i o n  o f  c r e d i t  by t h e  Sov ie t  Government to  the  Burmese Government 
under  th e  P ro to co l  o f  30th August ,  1962, The e lements  o f  th e  ar rangement 
a re  as fo l low s :
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" The P ro to co l  o f  August 30th ,  1962 p ro v id es  f o r  t h e  g r a n t  by th e  
Government o f  the USSR to  th e  R e v o lu t io n a ry  Government o f  th e  Union o f  
Burma o f  a c r e d i t  to  the  e x t e n t  o f  3.5 m i l l i o n  r o u b le s  (one ro u b le  
c o n t a i n i n g  0.987412 grammes o f  f i n e  gold)  b e a r i n g  an i n t e r e s t  o f  2.5 p e r  
c e n t  p e r  annum f o r  the  purpose  o f  r e n d e r i n g  economic and t e c h n i c a l  
a s s i s t a n c e  to th e  R ev o lu t io n a ry  Government o f  th e  Union o f  Burma between 
1962 and 1966 i n  the  c o n s t r u c t i o n  o f  t h e  Kyet-mauk-taung I r r i g a t i o n  
Proj  e c t .
In  accordance  with  A r t i c l e  6 o f  th e  P r o to c o l ,  the  Union Bank o f  
Burma and the S t a t e  Bank o f  t h e  USSR have come to  t h e  fo l low ing  
u n d e r s t a n d in g ,  r e g a rd i n g  the  method o f  keep ing th e  accoun t  i n  connec t ion  
w i th  t h e  g r a n t  o f  the abovementioned c r e d i t  and i t s  repayments:
(1) The Union Bank o f  Burma and th e  S t a t e  Bank o f  the  USSR w i l l
open th e  fo l l o w in g  acc o u n ts  i n  ro u b le s :  ’Account No.2 /3 59 '
f o r  r e c o rd in g  t h e  u t i l i z a t i o n  o f  t h e  c r e d i t  and i t s  repayment,  
'Account No. 4 /359 '  f o r  r e c o rd i n g  th e  i n t e r e s t  due under  the  
c r e d i t  and i t s  s e t t l e m e n t .
(2) The S t a t e  Bank o f  t h e  USSR w i l l ,  on r e c e i p t  o f  i n v o i c e s  
p r e s e n t e d  by th e  S o v ie t  f o r e i g n  t r a d e  o r g a n i z a t i o n s  
t o g e t h e r  w i th  the  sh ip p in g  and o t h e r  documents drawn 
up i n  accordance w i th  t h e  c o n t r a c t s  concluded between 
Burmese and S o v ie t  o r g a n i z a t i o n s  under t h e  P r o to c o l ,  d e b i t  
Account No. 2/359 w i th  t h e  v a l u e  o f  the  i n v o i c e s .
The Debit Advices under Account No. 2/359 w i l l  be s e n t  by 
t h e  S t a t e  Bank o f  th e  USSR to  the  Union Bank o f  Burma, 
accompanied by t h e  i n v o i c e s ,  and th e  sh ipp ing  and o t h e r  
documents r e c e iv e d  from t h e  S ov ie t  f o r e i g n  t r a d e  
o r g a n i z a t i o n s .
(3) The Union Bank o f  Burma w i l l ,  on r e c e i p t  o f  t h e  Debit  
Advices and th e  accompanying in v o ic e s  and documents from 
th e  S t a t e  Bank o f  t h e  USSR, c r e d i t  Account No. 2/359 
w i th  the  va lue  o f  th e  i n v o i c e s .
For t h e  v a l u e  o f  equipment,  machines and m a t e r i a l s  s u p p l i e d ,  
t h e  d a te  o f  c r e d i t  in Account No. 2/359 w i l l ,  as  s t i p u l a t e d  
in  A r t i c l e  4 o f  t h e  P r o t o c o l ,  be th e  d a t e  o f  t h e  B i l l  o f  
Lading.  For th e  p r o j e c t  p r o s p e c t i n g  works and o t h e r  
t e c h n i c a l  s e r v i c e s ,  t h e  d a t e  o f  c r e d i t  w i l l  be th e  d a t e  
o f  t h e  i n v o i c e .
122
(4) On 31st December each year the State Bank of the USSR will 
compute the interest at 2,5 per cent on the credit extended 
under Account No. 2/359 and debit the interest to Account No, 
4/359.
Upon receipt of the Debit Advice from the State Bank of the 
USSR, for the interest charged, the Union Bank of Burma 
will verify the amount shown on the Advice, and credit 
Account No. 4/359 with the interest due, and confirm 
the amount to the State Bank of the USSR.
(5) Settlement of interest will be made as provided in 
Article 4 of the Protocol.
If the settlement is to be made by delivery of goods, by 
the Union of Burma to the USSR, the Burmese suppliers 
will present to the Union Bank of Burma the invoices in 
duplicate together with the Bill of Lading and other 
documents drawn up in accordance with the contracts 
concluded between the Burmese suppliers and the Soviet 
trading organization as provided in Article 5 of the 
Protocol. The Union Bank of Burma will debit Account 
No. 4/359 with the value of the invoices and send a copy 
of the invoices and the accompanying documents to the 
State Bank of the USSR. The latter will on receipt of 
the invoices and the accompanying documents, credit 
Account No. 4/359 with the value of the invoices.
If the settlement is to be in cash, the Union Bank of Burma 
and the State Bank of the USSR will agree on the type of 
freely convertible currency that will be employed for the 
settlement. The Union Bank of Burma will calculate and 
remit the amount payable in that currency to the Bank 
designated by the State Bank of the USSR, and advise it by 
cable of the remittance made and debit Account No. 4/359 
with the rouble equivalent.
The State Bank of the USSR will, on receipt of advice from 
its designated Bank of the remittance by the Union Bank of 
Burma, credit Account No. 4/359 with the rouble equivalent, 
and send the Advice of Credit to the Union Bank of Burma.
The last payment of interest, either by delivery of goods 
or by cash as the case may be, will be effected simultaneously 
with the repayment of the last instalment of the principal 
amount of the credit.
(6) On the completion of the project, and when the reservoir 
is filled with water, which must not be later than
1st January, 1968, the representative of the parties which 
concluded the contract will notify the completion to the 
State Bank of the USSR, which will draw up a schedule of 
repayments for the total amount of credit extended. This 
will be sent to the Union Bank of Burma for confirmation 
which will check the schedule and confirm its correctness 
to the State Bank of the USSR.
(7) The repayment of the credit extended will be made in the 
manner provided in Articles 4 and 5.
(8) If the payment is to be made by delivery of goods, the 
Burmese suppliers will present to the Union Bank of Burma 
the invoices in duplicate together with the Bill of Lading 
and other documents, drawn up in accordance with the 
contracts concluded between the two parties under Article 5 
of the Protocol. The Union Bank of Burma will debit 
Account No. 2/359 with the value of the invoices and send
a copy of these together with the accompanying documents 
to the State Bank of the USSR. The latter will on 
receipt of the invoices and the accompanying documents 
credit Account No. 2/359 with the value of the invoices,
(9) If the repayment is to be made in cash, the Union Bank of 
Burma and the USSR will agree on the type of freely 
convertible currency that will be employed for the 
repayment. The Union Bank of Burma will calculate and 
remit the amount payable in that currency to the Bank 
designated by the State Bank of the USSR and advise the 
State Bank of the USSR by cable of the remittance made 
and debit Account No. 2/359 with the rouble equivalent.
The State Bank of the USSR will on receipt of the advice 
from its designated Bank of the remittance made by the 
Union Bank of Burma, credit Account No. 2/359 with the 
rouble equivalent.
(10) The following dates will be regarded as the date of 
repayment of the credit:
When making repayment by delivery of goods, the date will 
be the date of the Bill of Lading. When making repayment 
by remittance of freely convertible currency, the date will
124
be t h e  d a t e  on which funds a r e  r e c e i v e d  i n  t h e  accoun ts  o f  
t h e  Bank d e s ig n a t e d  by t h e  S t a t e  Bank o f  t h e  USSR. In t h e  
case  o f  th e  repayment o f  goods by d e l i v e r y  o f  goods,  the  
in v o i c e s  w i l l  c o n t a i n  t h e  marking t h a t  t h e  goods a re  
d e l i v e r e d  i n  repayment o f  th e  o u t s t a n d i n g  c r e d i t .
(11) In the  even t  of  any a l t e r a t i o n  o f  t h e  gold co n te n t  o f  the  
r o u b l e ,  t h e  b a l a n c e s  o f  Accounts No. 2/359 and No. 4/359 
w i l l  be r e v a lu e d .  The u n u t i l i z e d  c r e d i t  w i l l  a l s o  be 
rev a lu e d  i n  th e  same manner.
(12) Advices under Accounts No. 2/359 and No. 4/359 w i l l  be s e n t  
by t h e  two Banks, by a i r  m a i l .  On t h e  1 s t  J an u a ry  and the  
1 s t  J u l y  every y e a r  th e  S t a t e  Bank o f  the  USSR w i l l  ad v i se  
th e  Union Bank o f  Burma o f  t h e  b a l a n c e s  i n  Accounts No. 2/359 
and No. 4/359 and t h e  Union Bank o f  Burma w i l l  conf irm t h e i r  
c o r r e c t n e s s .
(13) The above accoun ts  a r e  to be o p e r a t e d  by t h e  S t a t e  Bank
of  t h e  USSR and th e  Union Bank o f  Burma f r e e  o f  commission,  
p os tage  and cab le  expenses .
(14) The T e le g ra p h ic  Tes t  Key s u p p l i e d  by th e  S t a t e  Bank o f  USSR 
w i l l  be used f o r  a l l  c a b l e  communications between th e  two 
Banks. "
The above r e v e a l s  t h e  f u l l  accoun t  o f  th e  t r u e  copy o f  th e  P ro toco l  
s igned  between th e  two c o u n t r i e s .  A f t e r  a l l  n e c e s s a ry  ar rangements  
were made, a s chedu le  f o r  t h e  repayment o f  c r e d i t  was drawn. According 
to  t h e  P r o t o c o l ,  i t  was ag reed  t h a t  th e  loa n  w i l l  be even ly  d i s b u r s e d  
th roughou t  a twelve y e a r  p e r i o d .  The annual  i n s t a lm e n t  n e c e s s a ry  to  
pay the  i n t e r e s t  due a t  the  end o f  t h e  y e a r  and the  p r i n c i p a l  
repayment i n  twelve equal  payments a r e  computed by t h e  two governments .  
The schedule  o f  repayment of  c r e d i t  i n  accordance  w i th  A r t i c l e  4 o f  the  
P ro to co l  was as  fo l l o w s :
Schedule o f  Repayments
Dates o f  Payments Amount of  Repayment
( in  ro u b le s )
1 . 1s t J anua ry , 1968 291,056.56
2. 1 St J anuary , 1969 291,056.00
3. 1s t J anua ry , 1970 291,056.00
4. 1s t J anua ry , 1971 291,056.00
5. 1s t J an u a ry , 1972 291,056.00
6. 1s t J anuary , 1973 291,056.00
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Dates o f  Payments Amount o f  Repayment
( in  ro u b le s )
7. 1 s t  J anuary ,  1974 291 ,056.00
8. 1 s t  J anuary ,  1975 291,056.00
9. 1 s t  J anuary ,  1976 291,056,00
10. 1 s t  J anuary ,  1977 291,056.00
11. 1 s t  J anuary ,  1978 291,056,00
12. 1 s t  J anua ry ,  1979 291,056.00
T o t a l 3 ,492 ,672 .56
The Burmese Government p a id  t h e  f i r s t  i n t e r e s t  cha rges  amounting 
to  7332.36 r o u b le s  i n  t h e  y e a r  1964, t h r e e  y e a r s  a f t e r  t h e  s t a r t  o f  the  
c o n s t r u c t i o n  o f  the  dam. I n t e r e s t  payments i n  th e  fo l lo w in g  y ea r s  o f  
1965, 1966 and 1967, which were s t i l l  d u r ing  th e  y e a r s  o f  c o n s t r u c t i o n ,  
were 55 ,936 .72  r o u b l e s ,  77 ,398 .37 ro u b le s  and 83 ,828 .66 ro u b le s  
r e s p e c t i v e l y .  I t  was i n  1968, soon a f t e r  t h e  comple t ion  o f  th e  p r o j e c t  
t h a t  the  repayment o f  th e  ' F i r s t  I n s t a l m e n t  of  P r i n c i p a l  Repayment'  was 
made, t o g e t h e r  w i th  t h e  i n t e r e s t  ch a rg e s .
The f i r s t  i n s t a lm e n t  o f  p r i n c i p a l  repayment of  ro u b le s  291,056.56 
was e f f e c t e d  a t  Chase Manhattan Bank, New York, on th e  18th March, 1968. 
The second in s t a lm e n t  was e f f e c t e d  a t  t h e  Bank o f  England,  London, while  
t h e  t h i r d  in s t a lm e n t  was e f f e c t e d  a t  Wes tm ins te r  F ore ign  Bank L t d . ,  
London. Obviously ,  t h e r e  were y e a r l y  changes in the  gene ra l  agreement 
o f  the  d e s ig n a t e d  bank between t h e  two p a r t i e s .  The fo l lo w in g  account  
shows t h e  annual  p r i n c i p a l  repayment w i th  t h e i r  r e s p e c t i v e  d e s ig n a t e d
banks
P r i n c i p a l  Repayment Des ignated  Banks
1. F i r s t  i n s t a lm e n t  o f  annual  payment Chase Manhattan Bank, 
New York
2. Second i n s t a lm e n t  o f  annual  payment Bank o f  England,  London
3. T h i rd  i n s t a lm e n t  of  annual  payments Westm ins te r  F ore ign  Bank 
L t d . ,  London
4. Four th  i n s t a lm e n t  o f  annual  payments Bank o f  England,  London
5. F i f t h  i n s t a lm e n t  o f  annual  payments Wes tm ins te r  Fore ign  Bank 
L t d . , London
6. S i x t h  i n s t a lm e n t  of  annual  payments F edera l  Reserve Bank o f  
New York, New York
7. Seventh  i n s t a lm e n t  o f  annual  payments G ir in b an k ,  New York
8. Eigh th  i n s t a lm e n t  o f  annual  payments B a n k t ru s t ,  New York
9. N in th  i n s t a l m e n t  o f  annual  payments Bank o f  England,  London
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P r i n c i p a l  Repayment D e s i g n a t e d  Banks
10. T e n t h  i n s t a l m e n t  o f  a n n u a l  p a y m e n t s Bank o f  E n g l a n d , London
11. E l e v e n t h  i n s t a l m e n t  o f  a n n u a l  p a y m e n t s Bank o f  E n g l a n d , London
12. T w e l f t h  i n s t a l m e n t  o f  a n n u a l  p a y m e n t s Bank o f  E n g l a n d , London
Map Showing Average Annual Rainfall and 
Location of the Kyet-mauk-taung Irrigation Project
^  Location of the Kyet-mauk-taung Project
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